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[bookmark: OLE_LINK54]Based on the discussion in RAN1#98, this contribution discusses the remaining issues of PDCCH-based power saving signal/channel. 
[bookmark: _Ref129681832]Design of PDCCH-based power saving signal/channel outside Active Time
New DCI format for power saving outside Active Time
Functionalities carried by the new DCI format outside Active Time
In RAN1#97, it was agreed that the WUS indication can be indicated by the power saving PDCCH outside Active Time. Besides this indication, it is FFS to decide whether other techniques can be also indicated by the new DCI outside Active Time.  Unfortunately, in RAN1#98, there was no consensus on which set of power saving adaptation can be triggered by the new DCI format besides the wake-up indication before the associated ON duration. This section provides further analysis for each potential power saving functionality and give the proposal on the set of power saving functionalities specified in Rel-16.
· SCell index indication
In CA scenario, the traffic size can vary greatly between DRX cycles, thus it is power inefficient if a user always monitors the PDCCH on all the activated cells. The network can deactivate some of the SCells by MAC CE. But long time delay (~40ms or more) is required for re-activation of SCells by MAC CE and this will increase the traffic latency. 
It was already agreed in RAN1#98 in CA-DC session that it is feasible to support the adaptation between dormancy behavior and non-dormancy behavior. The network can estimate the size of incoming traffic and indicate in wake-up DCI the right set of cells to monitor from all activated SCells. Therefore, it is proposed to support Scell indication in WUS DCI to trigger the adaptation of dormancy behaviors on Scells.
The detailed discussion is provided in Section 2.6.
· Indicating UE to use the aperiodic RS
For the triggering of RS, it would be helpful for UE to quickly track the timing/frequency and to report latest CSI-RS after UE wakes up. However, Rel-15 already support UL grant DCI to trigger aperiodic CSI-RS and related CSI reporting. The overhead due to the indication of additional RS in WUS DCI needs to be also considered and the benefit needs to be further justified compared with the Rel-15 mechanism. 
· Cross-slot scheduling
The cross-slot scheduling based power saving mechanism was decided to be supported in Rel-16. Therefore, in the WUS DCI, it is straight forward and beneficial to also indicate the default minimum K0/K2 which will be used during the active time after the UE wakes up due to the WUS DCI indication.
· Rel-15 DCI-based BWP switching
Regarding the indication of BWP ID for BWP switching triggered by WUS DCI, it is still not clear on the necessity and the benefit needs further justification. Following concerns/issues need to be resolved before the introduction of BWP ID indication in WUS DCI.
1) Necessity of BWP indication is not justified inWUS DCI detected
The BWP switching triggered by WUS DCI is quite different from the Rel-15 BWP switching based power saving triggered by scheduling DCI. In Rel-15, on the wideband BWP, the UE always need to buffer the OFDM symbols on the whole bandwidth of BWP considering the UE may be scheduled in the same slot or even in the same symbol of scheduling PDCCH. The UE cannot use a smaller bandwidth to receive scheduling PDCCH and in this case the BWP switching is essential to switch the UE reception bandwidth to a narrow BWP for power saving.
For WUS transmission outside Active Time, an offset between WUS occasion and the associated ON duration is always there, which can be configured to be sufficient to allow the UE to adjust reception bandwidth. The required duration of bandwidth adjustment is expected to be much smaller than the BWP switching delay specified in RAN4 spec. Therefore, the UE can use the narrow bandwidth just covering the CORESET to detect WUS DCI, and once the WUS indication is detected the WUS offset can be used by UE to adjust the reception bandwidth to cover the whole BWP during ON duration. 
Therefore, it is not needed to support BWP switching during the WUS DCI just for power saving. WUS mechanism can work well within a single active BWP.
2) Impact on the WUS offset and introduce additional power consumption:
Secondly, if the BWP ID is indicated in WUS DCI to support BWP switching between WUS and the ON duration. This requires the WUS offset to be large enough to cover the BWP switching delay specified in RAN4. The BWP switching delay needs to be large to cover the required duration in worst case, e.g. changing the center frequency of UE involving PLL adjustment and adjust all potential configurations. This is over designed for UE to wake up from WUS detection to the full reception capability to process scheduling PDCCH and PDSCH in the Active Time. 
This unnecessarily long WUS offset shall lead to additional power consumption on UE and therefore reduce the gain introduced by wake up signaling. Some companies may argue that this BWP switching delay triggered by WUS DCI can be further reduced in Rel-16. However, additional specification work is needed and may not be possible for the remaining two meeting cycles.
3) No clear benefit compared with WUS and legacy BWP switching mechanism
Furthermore, the BWP switching triggered by scheduling DCI is already supported by Rel-15 specification. Even if the UE really needs BWP switching, it can be triggered by the scheduling DCI during ON duration. In Rel-15, besides the DCI triggered BWP switching, the BWP-inactivity-timer was also introduced. There would be additional specification work, which is expected not to be just introducing 2 bits in the DCI. For example, when the WUS DCI triggers BWP switching, whether the BWP-inactivity-timer needs to be started or not. Currently, the BWP-inactivity-timer is started or restarted only when triggered by scheduling DCI. These aspects are not clear now and have impact on RAN2 MAC specification. It is expected to consume TU which should be used for other discussion in this WI.
Based on the above analysis, it is suggested not to support the indication of BWP ID in the new DCI format outside Active Time for power saving.
· SI change indication and PWS indication
A UE in RRC_CONNECTED state shall monitor paging PDCCH to obtain the short messages including the SI change indication and PWS notification at least on primary cell. TS 38.331[1] specifies the monitoring frequency of paging PDCCH for connected mode UE, as follows.
	TS 38.331:
UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging, as specified in TS 38.213, clause 13.
ETWS or CMAS capable UEs in RRC_CONNECTED shall monitor for indication about PWS notification in any paging occasion at least once every defaultPagingCycle if the UE is provided with common search space on the active BWP to monitor paging.


Therefore, ETWS or CMAS capable UEs in RRC_CONNECTED is required to monitor paging PDCCH to obtain the PWS notification in paging DCI at least once for every defaultPagingCycle, and ETWS or CMAS non-capable UEs is required to monitor paging PDCCH at least once per modification period, which is at least two times of the defaultPagingCycle [1]. This means even if the PDCCH based power saving channel indicates a UE no need to “wake-up” the MAC entity to monitor PDCCH, the UE still cannot sleep during the whole DRX cycle considering the UE may need to wake up during the C-DRX cycle to obtain the PWS notification and/or SI change indication in paging DCI. This dampens the benefit of configuring wake-up resources, especially considering the wake-up occasions cannot always be aligned with paging occasions. In this case, a UE has to wake up often to monitor paging PDCCH in addition to wake-up PDCCH. The issue is illustrated in Figure 2.
Once configured, the wake-up PDCCH is expected to be monitored periodically by UE for power saving, for example, to be monitored once in every DRX cycle. Considering the UE shall monitor the wake-up PDCCH anyway, a power efficient way would be to carry the indication of SI change and PWS notification in the new DCI format that carries the WUS. A UE in RRC_CONNECTED state can directly obtain the indication of SI change and PWS notification from the wake-up PDCCH. In this way, the power consumption due to the wake-up for monitoring paging PDCCH can be saved. 
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Figure 1 Illustration of the benefit of indicating PWS notification and SI change in wake-up DCI.
The indication of SI change and PWS notification may need to occupy 2 bits in the wake-up DCI format. This is expected to introduce slight or even no resource overhead for wake-up DCI. It was agreed that the new DCI format can indicate more than one UEs. For the wake-up DCI format for a group of UEs, this “short messages” field is a common indication for all the users in the group. Therefore the resource overhead is very small. Once, a UE specific DCI is agreed for power saving and introduced for a UE. The power saving DCI monitored outside Active Time is expected to have a small number of bits, and the DCI may be always padded to the minimum DCI payload (12bits). In this case, the indication of SI change and PWS notification shall not introduce any additional resource overhead. As a further consideration, a single bit can be used to indicate SI change or PWS notification for UE to further check the paging DCI or system information directly.
As analyzed above, it is proposed to support a wake-up DCI to be configured to indicate SI change and/or PWS notification as a common field for the group of UEs.
· Indication of PDCCH skipping duration
PDCCH skipping is studied in the study item phase. A number of companies show interest to specify it in Rel-16. The skipping of PDCCH monitoring is beneficial for power saving within DRX Active Time, i.e. after the UE is waken by the wake-up DCI. Multiple PDCCH skipping durations can be configured to adapt to the different traffic types. Since the gNB can have an estimate on the incoming traffic, it would be straightforward to indicate the PDCCH skipping duration that is to be applied in the following Active Time. Then during the DRX Active Time, a signal can be transmitted to indicate the skipping of PDCCH monitoring with a skipping duration that is indicated by the wake-up DCI. Therefore, it is proposed to support the indication of PDCCH skipping duration length if the PDCCH skipping is supported in Rel-16.
Table 1summarizes the views/analysis regarding the information/functionalities that can be carried by the new DCI format for power saving outside Active Time. Accordingly, Proposal 1 is proposed.
[bookmark: _Ref20131056]Table 1 Summary of functionalities supported by the new DCI format outside Active Time in Rel-16
	Potential functionalities/indications
	Support or not in Rel-16
	Summary of technical reasons

	WUS/GTS indication
	Support in Rel-16
	Already agreed.

	SCell index/CC-group indication
	Support in Rel-16
	The adaptation of dormant behavior is feasible according to CA/DC discussion. It is preferred to be also supported by the new DCI format outside Active Time.

	Additional aperiodic RS triggering

	Not specified in Rel-16 and suggest to be supported in Rel-17 as further enhancement
	Considering limited time in Rel-16

	Indication of minimum K0/K2 after wake-up
	Support in Rel-16
	Cross-slot scheduling is already supported in Rel-16, and it is with very limited specification impact to introduce the indication of cross-slot scheduling in WUS DCI.

	BWP ID
	Not support in the new DCI format outside Active Time.
	The concern/issues on the necessity and benefit need to be resolved first.

	SI change and PWS indication

	Support in Rel-16
	As a common field for the group of UEs corresponding to the new DCI format. Very limited specification work with additional power saving gain. 

	PDCCH skipping duration length
	FFS: Support in Rel-16 depending on WID scope or to be specified in Rel-17. 
	A number of companies show the attractive power saving gains for introducing PDCCH skipping inside Active Time. The time in Rel-16 may not be enough to specify PDCCH skipping. At least support it in Rel-17 if it is not specified in Rel-16.



Proposal 1. Beside the WUS indication, the new DCI format  is configured to carry at least the following indications outside Active Time in Rel-16:
· SCell ID or CC group ID for the adaptation of UE dormancy behaviour on the indicated cells;
· Indication of minimum K0/K2 values after UE wake-up;
· SI update and PWS indication as a common field;
As discussed in the SI and WI, the purpose of PDCCH-based power saving signal can be (1) for waking up UE from outside Active Time, or (2) for triggering adaptation when UE is within Active Time. For outside Active Time, the first purpose was already agreed in RAN1#97 to support wake-up indication for the new DCI format. For inside Active Time, at least existing scheduling DCI format was agreed to be enhanced for indication of at least one power saving technique, e.g. minimum K0/K2/CSI-RS triggering offset adaptation. However, it is still FFS on whether the new DCI format is also monitored inside Active Time for power saving. Some indications which are only applicable when UE is within Active Time can be conveyed in the new DCI format, for example, PDCCH monitoring skipping for a short duration. As discussed in [2], a unified design of the DCI for WUS and PDCCH skipping is also possible by either an explicit indication in the DCI to understand the DCI correctly or an implicit rule for a UE to interpret the DCI differently (e.g. relative to UE’s active or OFF state). So, the same DCI format can be designed for waking up UE and triggering adaptation including PDCCH skipping, which is also motivated from resource overhead reduction and less standardization efforts. Furthermore, sometimes the PDCCH-based WUS occasion of a UE may be located within Active time, the UE can still detect the PDCCH-based WUS to update some indications for power saving which are application when the UE is within Active time.
Proposal 2. To reduce the resource overhead reduction and the standardization efforts, the new DCI format for waking up UE outside the active Time can be configured to be monitored for triggering adaptation of power saving within the Active Time.

DCI format size 
	Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time
Working assumption: no increase of UE BD/non-overlapping CCE limit



Based on the agreements in RAN1#96bis, when PDCCH-based power saving signal/channel is configured, DCI format size budget should not increase. When UE is out of DRX active time, UE may need to monitor WUS DCI, it is preferred to reduce the UE detection complexity and power consumption. So for WUS DCI size design, one design principle is to minimize DCI size budget. Considering that C-DRX mechanism cannot impact on PDCCH monitoring for DCI formats with CRC scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI, when UE is out of DRX active time, the UE shall monitor PDCCH for DCI with CRC scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI.  UE may need to monitor the above DCI formats and WUS DCI simultaneously in the same slot. Therefore, one possible solution is WUS DCI size can have the same size as the DCI formats scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI. For UE-specific WUS DCI, it would be better to minimize the resource overhead while keeping robust performance. If it is further considered to optimize the size of UE-specific WUS DCI, additional different DCI size can be preferred. Considering that only Rel-15 PDCCH channel coding and payload interleaver are considered in the power saving WID and that the minimum payload size of Rel-15 DCI is 12 bits, one good DCI size candidate for UE-specific WUS DCI is 12 bits. So when UE is out of DRX active time, the DCI format size budget should be 1 or 2.
Proposal 3. When UE is outside the DRX Active Time, the number of detected DCI format size(s) should not be larger than 2. 
Proposal 4. Payload size of the group DCI based WUS is aligned with the size of DCI formats scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI.

Detailed Design for the new DCI format
For group-based WUS DCI, one straightforward way to dynamically indicate different number of UEs in a group is using a bitmap, in which each bit can indicate a UE in the group whether or not to wake up. Assume N is the total number of UEs who are configured to monitor the group-based WUS DCI, the length of the bitmap may need set to N if a dedicated bit in the bitmap is always allocated to a UE. 
As the sparsity of data arrival, at most of the WUS-based PDCCH occasions, it is expected that only a subset of UEs in the group needs to be indicated to wake up simultaneously. Therefore, a one-to-one mapping bitmap may introduce unnecessarily large resource overhead.
Observation 1. In most cases on each WUS occasion, the number of UEs that need to be simultaneously waken up is much smaller than the total number of UEs configured for the group WUS.
Meanwhile, besides the 1 bit indication of wake-up or not, the group-based WUS DCI may also indicate additional information blocks, e.g. minimum K0 value after the UE wake up. Therefore, the desired bit number for a given UE may be larger than 1. In this case, the length of the bitmap may increase a lot.
However, the miss-detection rate for PDCCH-based WUS is expected as slow as 0.1%, and this performance requirement leads to the expectation of the payload size of the group-based WUS DCI to be small. Therefore, an efficient way is necessary to transmit group WUS indication for the minimization of resource overhead due to the WUS DCI transmission.
Observation 2. A one-to-one mapping bitmap for WUS indication may consume unnecessarily much resource usage, considering higher miss-detection requirement for WUS indication and the sparsity characteristic of data arrival for the traffic types that benefit from the WUS indication.
To explore the characteristic in Observation 2 to minimize the resource overhead, one way for WUS indication is encoding only necessary or high probability combinations of waken-up UEs in the bit field for WUS indication DCI. For example, If all the combinations of waking up x UE(s), x=1,2,3,……,n, (n<N), can cover the most cases of WUS indication, only the combinations of up to x UEs need to be encoded for explicitly indication. Additionally, a reserved one special state value can be used for waking up all UEs. The number of bits (P) needed for the “indication field” in WUS DCI satisfies the following formula:

As the value n can be much smaller than N, the number of bits for “indication field” can be much smaller than N. As an example, if there are 18 UEs (N=18) in total, and on each WUS DCI, in most cases there are up to 3 UEs to be indicated to wake up simultaneously. Considering this, the length of the “indication field” can be just 10 bits, which is much smaller than the number of N, according to the following calculation:
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And the unused state values of “indication field” can be further configured to wake up more UE(s) in the group.
As another way, an indication based on randomized location can be considered. Differently from the fixed bit position of WUS indication for a given UE, a randomized bit location is used for the WUS indication. The time domain information, e.g. slot index and/or symbol index, can be used as the input of the function to produce the randomized bit location of WUS. Another input can be the UE-ID, e.g. the C-RNTI, of the UE.
The randomized bit location would be different on different WUS occasions and different ON Durations. This can reduce the probability that the UE always collides with the WUS indication bit of another UE. By doing this, a fixed number of bits can be used to indicate the presence of a group of UEs with good scalability and reduced false alarm rate on average. This is especially helpful for the scenario when a large number of UEs configured to share the bitmap used for WUS indication, however, on each WUS DCI transmission, only a smaller number of UEs need to be indicated as wake-up. 
It can be observed that the randomized bit location of WUS indication may also have false alarm rate but the WUS bit location is randomized on different WUS monitoring occasions. Therefore, the probability that the UE collides with other UEs on all the WUS monitoring occasions is lower than the case when semi-statically configured bit location is used. Therefore, the false alarm rate can be reduced especially when more than one WUS monitoring occasions are monitored before the associated ON duration.
Another characteristic of the randomized indication is it can guarantee no miss-detection of WUS. This characteristic matches the requirement of WUS indication well. By using the randomized bit location for WUS indication, low resource usage can be achieved when the total number of UEs is much larger than the number of UEs to be waken up simultaneously on the same WUS occasion. It is proposed to consider the randomized bit location for WUS indication.
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[bookmark: _Ref16530950]Figure 2 Illustration of bloom filter based WUS indication
Proposal 5. Support randomized bit location for the WUS indication for a given UE to minimize the resource usage of the new DCI format rather than semi-statically configured one-to-one mapping bitmap.
PDCCH design for power saving purpose outside Active Time
CORESET
The design principle of CORESET for PDCCH-based power saving signal/channel was discussed and the following related agreements were agreed in RAN1#96bis, RAN1#97 and RAN1#98. This sections discusses on the remaining FFS points in the agreements.
	Agreements in RAN1#96bis:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)

Agreements in RAN1#97:
· The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 
· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 
· FFS whether or not to increase the number of CORESETs relative to that in Rel-15
· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel

· For outside Active Time, up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with each CORESET associated with its TCI state and QCL assumption
· FFS details
· FFS whether any other additional handling is necessary for FR2 w.r.t. TCI state, and if so, how

Agreements in RAN1#98:
· The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 

Working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).



It was agreed that the CORESET for other PDCCH monitoring can be configured for the PDCCH based power saving signal/channel. For the PDCCH channel that carries the power saving indication, it is already possible in Rel-15 specification for gNB to configure a separate CORESET for the usage of power saving only or a CORESET shared with legacy PDCCHs including the PDCCH for scheduling data. Therefore, regarding the first FFS bullet on CORESET design, the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel by gNB configuration.
Observation 1: It is supported in Rel-15 to configure an indexed CORESET be exclusively used by the PDCCH-based power saving signal/channel.
Regarding the number of CORESETs for power saving channel outside Active Time, it is better to keep the CORESET budget as the same per DL BWP to facilitate the adaptation of the power saving technique on a UE with the same hardware of Rel-15. The agreements in RAN1#98  limited the number of CORESETs for power saving channel outside Active Time to be no larger than that inside Active Time. In Rel-16, it is already agreed in eMIMO WI that the maximum number of CORESETs can be increased to 5 according to UE capability when supporting multi-TRP/panel transmission. However, even for UEs supporting MIMO enhancement in Rel-16, it is not needed to increase the maximum number of CORESETs due to the PDCCH based power saving. Therefore, it is preferred that the PDCCH-based WUS reuses the CORESET(s) that are already configured for the active DL BWP. 
Proposal 6. The maximum CORESET number in a BWP is not increased due to the introduction of PDCCH based WUS, which can be configured to reuse the CORESET(s) that are already configured for the active DL BWP. 
In RAN1##98, majority companies have similar views that the CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s). It is proposed to confirm the working assumption.
Proposal 7. Confirm the following working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).. 

[bookmark: _Ref20141118]Search space set 
	Agreements in RAN1#96bis:
· For PDCCH-based power saving signal/channel, 
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured

Agreements in RAN1#97
For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC
· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information
· FFS the new DCI format
· Note: the same DCI may carry power saving information for one or more UEs

Agreements in RAN1#97
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time




It was already agreed that a dedicated search space is used for PDCCH-based power saving channel for UE to monitor outside Active time, and the principle of Rel-15 search space configuration is used. 
In NR Rel-15, for each DL BWP, the maximum number of search space sets that can be configured to a UE is 10. It is considered to be large enough to provide flexibility for gNB to configure different types of search space sets, e.g. CSS set and USS set. Therefore, even though the dedicated search space set is introduced for PDCCH-based WUS, the maximum number of search space set for each DL BWP should not be changed. 
On the PDCCH-based WUS occasions, besides WUS, UE may also need to monitor the PDCCH candidates for detecting DCIs scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI, considering that detecting of these DCIs is not affected by the C-DRX mechanism. The transmission and the number of PDCCH candidates of these DCIs for WUS are expected not to be frequent and large, respectively. So the maximum number of monitored PDCCH candidates per slot in R15 should not be changed due to the introduction of PDCCH-based WUS. Meanwhile, considering the complexity and power consumption of PDCCH-based WUS detection, the number of monitored PDCCH candidates in WUS occasion should not be larger than the maximum number of monitored PDCCH candidates per slot in R15.
Based on the above analysis, it is proposed to confirm the working assumption from RAN1#96bis meeting.
Proposal 8. The maximum number of search space sets per BWP is not increased due to the introduction of power saving PDCCH.
Proposal 9. UE BD/non-overlapping CCE limit are not increased due to the introduction of power saving PDCCH.
It is FFS that whether UE can further monitor the search space set(s) inside Active Time. In our view, UE can be configured to monitor the search space sets for the PDCCH that carries the new DCI format even when UE is in Active Time. The details are discussed in Section 3.
Proposal 10. UE can be configured to further monitor the search space sets for power saving PDCCH inside Active Time.
WUS monitoring occasions
In RAN1#97, the following agreement was made regarding monitoring occasion for PDCCH based power saving channel:
	Agreements:
The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON
· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space
· FFS: The value and the range of offset

Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time



Furthermore, In RAN1#98, the following working assumption is agreed and a conclusion was also achieved as a guidance of the discussion in RAN1#98bis:
	Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON

Conclusion:
For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration
· FFS: whether this applies to long DRX only or long/short DRX.



Firstly, it is beneficial to support monitoring of more than one WUS occasions in the same slot or multiple slots. And it is feasible to be supported by the search space set configurations.
Proposal 11. Confirm the working assumption in RAN1#98: More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
WUS DCI is transmitted in a PDCCH channel and it is very straight forward to use the same design principle of PDCCH to define the set of monitoring occasions. This was also agreed in RAN1#97 that the principle of Rel-15 search space configuration should be followed. Search space set(s) have their own periodic location for PDCCH monitoring and for each period there can be one or more occasions in several continuous slots. This fulfills all the requirement of WUS monitoring occasions. Therefore, it is preferred to define the monitoring occasion(s) by using search space set(s) configurations. Another benefit to use the search space set to define the WUS monitoring occasions is the search space set may appear both outside and inside of Active Time, which enables the future enhancement for power saving DCI monitored inside Active Time for other purpose. 
Specifically, for the DCI that carries WUS indication monitored outside Active Time, it is clear that it does not make sense to monitor the WUS monitoring occasions which are very far away from the associated ON duration. gNB cannot predict the traffic or buffer status with a large delay in advance. On the other hand, the WUS monitoring occasions may not be very close to the associated ON duration considering UE needs time to wake-up from WUS detection status to the status with the full capability receiver. Therefore, besides the search space set configuration, a monitoring window is necessary to define a set of valid WUS monitoring occasions that needs to be monitored by UE for WUS indication with respect to the associated ON duration. As an example shown in Figure 3, a minimum WUS offset and the WUS window length can be configured. All the monitoring occasions defined by the search space set configuration covered by the window are expected to be monitored by the UE. The offset of any valid WUS monitoring occasion can be figured out by the search space set configuration.
Another benefit of such an approach is that, with the definition of WUS offset and monitoring window, the periodicity of search space set(s) can be independent of DRX cycle length, and can be used for both long and short cycles. In Figure 3, we show an example of 3 monitoring occasions in one monitoring range. Notice that to save the power, UE can wake up right before the first valid occasion, and no need to wake up at the start of monitoring window.
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[bookmark: _Ref20140531]Figure 3 An example of WUS monitoring occasion(s)
Proposal 12. The WUS monitoring occasions is defined by the search space set configuration for power saving and the WUS occasions in a monitoring window are expected to be monitored by the UE before the associated ON duration.
Another remaining issue is what UE behavior is assumed to monitor the WUS occasions in the monitoring window of the ON duration. One alternative is the UE monitors any one of the occasions in the associated monitoring window to determine whether need to wake up for the next ON duration time. This would be good for UE power saving, with resource overhead considering network needs to manage to transmit wake-up signaling in every occasions. The other alternative is up to network to transmit once or multiple times on the WUS monitoring occasions in the monitoring window, and the UE has to keep monitoring all the WUS monitoring occasions in the window to avoid missing a WUS. Further discussion is needed and narrow down between these two alternatives.
Proposal 13. Narrow down from the following alternatives regarding the UE behavior for WUS monitoring inside the WUS monitoring window:
· Alt.1: UE is assumed to monitor any one or multiple of the occasions in the associated monitoring window;
· Alt.2: UE is assumed to keep monitoring all the WUS monitoring occasions in the window or pre-determined multiple WUS occasions in the monitoring window.
During the offset, the UE shall at least demodulate and decode the power saving PDCCH, and get the carried power saving information. It is obvious that the minimum WUS offset should be large enough for the UE to finish the above tasks. However, different UE implementation may have different processing capabilities on WUS PDCCH processing outside Active Time. Therefore the UE can report its preferred value for the offset. Furthermore, if other power saving techniques other than “wakeup/go-to-sleep”, such as A-CSI measurement/report and A-SRS transmitting, are also supported, different lengths of the offset may be need. On the other side, the time the UE needs to finish the transition from “half-awake” (when detecting WUS) to “full-awake” may also depend on the sleep type, which is further determined by the DRX cycle length. So the value of offset may also be impacted by the DRX cycle length. Since the reporting of UE’s desired offset is before the configuration of the WUS offset by gNB, the UE may need to report a number of values, each of which corresponds to combinations of different power saving functionalities. More detailed analysis can be found in [3].
Proposal 14. The UE can report its desired value(s) of the minimum WUS offset as UE assistance information.
[bookmark: _Ref19711553]DMRS design of the power saving PDCCH outside Active time
The detection power of the power saving signal needs to be considered in the design of power saving signal. According to the study on UE power saving, it is generally preferred to have low power consumption and low detection complexity for the power saving signal/channel, especially for the power saving signal/channel carrying wake-up information. If the UE needs to use almost the same power as that for detecting a scheduling DCI, the benefit of the wake-up signal vanishes especially for the cases with a short C-DRX on duration timer.
Proposal 15. As design principle for PDCCH-based WUS, minimize the power consumption due to PDCCH-based power saving signal/channel detection.
Usually, to detect a PDCCH, a UE first does channel estimation, and then demodulates and blind decodes each candidate in the search space set. A DCI is detected when the CRC is correctly verified for a PDCCH candidate. The blind demodulation and decoding of every PDCCH candidate consumes UE power. If the DMRS sequence of PDCCH can be used to early terminate the demodulation and decoding of some PDCCH candidates where the WUS DCI does not transmit, the UE power consumption can be reduced. For example, if the DMRS of PDCCH is specific with respect to the WUS DCI, the UE can firstly do DMRS presence detection to exclude PDCCH candidates that are not expected to transmit the WUS DCI. This is especially useful for a good coverage UE to early terminate the modulation and blind decoding of PDCCH candidates where the WUS DCI is not transmitted. Once the DMRS of a PDCCH candidate is detected to be present, the UE further demodulates and blindly decodes the corresponding DCI on the PDCCH candidate.
One straightforward way to make the DMRS specific with respect to the WUS DCI is to introduce WUS related information into the initialization seed of the DMRS scrambling. 
Proposal 16. Adopt WUS-specific PDCCH DMRS initialization to differentiate from legacy PDCCH DMRS. 

Scrambling of the power saving PDCCH outside Active time
In RAN1#97 meeting, the following agreements on PS-RNTI for power saving PDCCH outside active time are reached: 
	Agreements:
· A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel



In NR, the scrambling sequence of PDCCH is initialized with:
[image: ].
In current specification, if PDCCH is transmitted in UESS and DMRS scrambling sequence initialization value pdcch-DMRS-ScramblingID is configured, [image: ]is C-RNTI and [image: ]is equal to pdcch-DMRS-ScramblingID; Otherwise, [image: ]is 0 and [image: ]is equal to cell ID.
In RAN1#98 meeting, the power saving PDCCH has been agreed to be monitored at least in CSS.
	Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS



For scrambling sequence of PDCCH-based WUS, one straightforward way is to follow the principle of normal PDCCH, i.e. reusing the  above equation for  [image: ], where the [image: ]is set to PS-RNTI only if PDCCH-based power saving channel is transmitted/detected in UESS and pdcch-DMRS-ScramblingID is configured; Otherwise, [image: ] is 0 and [image: ]is equal to cell ID. To follow this way, if PDCCH-based WUS in CSS (which has been agreed) or the pdcch-DMRS-ScramblingID is not configured for the CORESET of PDCCH-based WUS, the scrambling sequence is the same with other legacy PDCCH (e.g. group-common PDCCH). However, for PDCCH-based WUS, the miss-detection target is set to 0.1% and this performance requirement is higher than normal purpose of other legacy PDCCH. In order to further randomize the interference from other legacy PDCCH, it is preferred that [image: ]is always equal to PS-RNTI regardless of the configuration of search space set and CORESET. If the WUS-specific PDCCH DMRS scrambling sequence initialization value in section 2.2.4 is introduced, the [image: ] can be equal to this value to further differentiate from other legacy PDCCH and improve detection performance.
Proposal 17. The scrambling sequence of PDCCH-based WUS is initialized with:
[image: ],
where [image: ] is equal to PS-RNTI regardless of  the used search space set and CORESET, and [image: ]is equal to the value used for the initiation of DMRS scrambling.

BWP usage for power saving PDCCH outside Active Time 
In RAN1 #98, the following working assumption is agreed.
	Working assumption:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   


In our view, there is no need to define dedicated BWP for WUS. gNB can decide whether a BWP is configured to be dedicated for power saving PDCCH or shared with other PDCCHs and PDSCHs by implementation.
One of the motivation of dedicated BWP is to use a small BWP as the dedicated one, which leads to less power consumption for WUS monitoring. However, WUS is transmitted outside Active Time, where the UE monitors the CORESET for WUS only without monitoring other PDCCH. In this case, UE can adjust its receiving bandwidth to receive the CORESET instead of receiving all the BWP by implementation. So dedicated BWP brings little power saving gain compared with any active BWP.
Another motivation of dedicated BWP with dedicated CORESET for WUS is to support beam management. A CORESET can be associated with a TCI state, which can correspond to a beam, to set up the spatial parameters for receiving the signal/channel transmitted on the CORESET. In Rel-15, up to three CORESET(s) can be configured within a DL BWP, which can imply up to 3 different beams for PDCCH reception. The PDCCH scrambled by C-RNTI is monitored within DRX Active Time according to the MAC specification. The PDCCH-based WUS was already agreed in RAN2 to be monitored before the ON duration. When the UE monitors PDCCH-based WUS, the TCI states of the CORESETs for scheduling PDCCH can be still used for the UE to monitor PDCCH-based WUS.
Proposal 18. Confirm the following working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.
Long and Short DRX cycle
In Rel-15, the UE can use either long DRX cycle or short DRX cycle at one time, if configured. And the UE can switch between the short DRX cycle and long DRX cycle based on the following rules:
· If a DRX Command MAC CE is received, the UE uses the Short DRX Cycle if it is configured. 
· If a Long DRX Command MAC CE is received or the drx-ShortCycleTimer expires, the UE needs to use the Long DRX cycle. 
An open issue is that whether the WUS is only used for long DRX cycle, or it can be also used for short DRX cycle. WUS is preferred to be used for both long DRX cycle and short DRX cycle, which are both used in legacy DRX mechanism. WUS should be applied also for short DRX cycles for power saving gain in this case. If the WUS is not supported for short DRX cycle, the UE shall have to monitor each ON duration for short DRX cycles. In the worst case, the data arrives sparsely but unfortunately the drx-ShortCycleTimer does not expire. In this case, UE shall work in short DRX cycle for long time, however, for most of the ON durations, there is no PDCCH transmission at all. The UE will suffer from the unnecessary power consumption because of the lack of WUS.
Proposal 19. The WUS is supported for both long DRX cycle mode and short DRX cycle mode.
One concern to support WUS for short DRX cycles is how to determine the WUS monitoring occasion(s) for both long DRX cycle and short DRX cycle by using the related configurations. In Section 2.2.2, it is proposed that the WUS monitoring occasion(s) is determined by the associated search space set configuration and a monitoring window respect to the ON duration. 
Similar method can be extended to the long & short DRX cycle case. There are several potential options:
· Alt.1: individual search space set configuration
gNB configures different search space sets for long DRX cycle and short DRX cycle, and each search space set is activated or deactivated automatically based on the currently used DRX cycle. For example, the gNB configure the UE with search space sets S1 and S2, where S1 is used for long DRX cycle, and S2 is used for short DRX cycle. When the UE is using long DRX cycle, S1 is activated meanwhile S2 is deactivated, which means that UE only monitors S1. On the contrary, when the UE is using short DRX cycle, S2 is activated meanwhile S1 is deactivated. To match different DRX cycle length, the monitoring periodicity of S1 can be configured as the same as the length of long DRX cycle, and the monitoring periodicity of S2 can be configured as the same as the length of short DRX cycle. The example is shown in Figure 4.

[image: D:\Outputs\2019\[power saving]\RAN1 #98bis contribution\1.jpg]
[bookmark: _Ref20141241]Figure 4: Alt.1 to support WUS for both short and long DRX cycles: individual search space set configurations
· Alt.2: one common search space set with individual monitoring window configurations
gNB to configure one common search space set, and the valid WUS monitoring occasion(s) are determined based on the configured monitoring window of OnDuration for short and long DRX cycles respectively. One way is to configure individual set of minimum WUS offsets and window length for long and short DRX cycles respectively. According to Rel-15, the length of long DRX cycle is usually an integer multiple of the length of short cycle. If the monitoring periodicity of the search space set for WUS is set as the same as the length of short DRX cycle, there should be always be an occasion with proper offset before the On Duration no matter long DRX cycle or short DRX cycle is used. The example is also shown in Figure 5.

[image: D:\Outputs\2019\[power saving]\RAN1 #98bis contribution\3.jpg]
[bookmark: _Ref20141254]Figure 5: Alt.2 to support WUS for both short and long DRX cycles: one common search space set with individual monitoring window configurations.
Proposal 20. Narrow down the two alternatives to support WUS for both long DRX cycles and short DRX cycles:
· Alt.1: individual search space set configurations for long and short DRX cycles;
· Alt.2: one common search space set with individual monitoring window configurations.
Error handling
Error handling in case the WUS cannot be decoded
Error handling  should be considered in the WUS design. According to the results from the study item phase, the miss-detection of WUS and the blockage of WUS would impact the scheduling of data in the associated C-DRX On-Duration. Therefore, error handling for WUS due to the miss of WUS needs to be discussed.
It was agreed that the WUS DCI can indicate the WUS indication for more than one UEs. We call this as the group based DCI for WUS in the discussion.  Therefore, in this case, it is expected that the WUS DCI would be transmitted with a high probability. It is straight forward to assume that the group based DCI would be always transmitted on every WUS occasion covered by the WUS monitoring window. 
Once the group based DCI is not detected, it is highly likely caused by the miss-detection of group PDCCH for WUS. In this case, the UE default behavior of missing the group DCI can be defined as “wake-up”, i.e. if the UE does not detect the group-based PDCCH in an occasion it is configured to monitor, the UE shall by default monitor the scheduling PDCCHs in the associated C-DRX ON duration.
Proposal 21. For the case of group WUS, the UE shall by default monitor the scheduling PDCCHs in the associated C-DRX ON duration in case the WUS is not detected on WUS occasions in the associated monitoring window.
Error handling in case the search space set is invalid
In some cases, the monitoring occasions configured for WUS can overlap with system resource and become invalid considering measurement gaps and BWP switching etc. In Figure 6, we show an example of Timer-based BWP switching case. If the active BWP is not default BWP and bwp-InactivityTimer get expired right before Active Time of the default BWP, the WUS occasion(s) configured in default BWP may overlap with the BWP switch delay. As a result, UE cannot detect the WUS during the BWP switching time since the UE is not able to receive or transmit any signal. In such a case, the WUS occasion is considered as invalid WUS occasions. A default operation in case WUS occasion(s) being invalid need to be defined for UE, which may also impact the network behavior on whether the WUS indication is set or not for the UE on an invalid WUS occasions.
The default UE behavior in this case can be either legacy DRX operation or skipping the associated ON duration. To avoid the delay, we propose that UE performs wake up for the associated ON duration in case all the WUS occasions are invalid.
[image: ]
[bookmark: _Ref20661904]Figure 6  An example of WUS monitoring occasion(s) overlapping with BWP switch delay
Proposal 22. UE wakes up when WUS occasion(s) becomes invalid as a result of overlapping with Timer-based BWP switching or measurement gaps or not inside the associated WUS monitoring window.
[bookmark: _Ref20130210]Detailed discussion on power saving PDCCH triggered ‘dormancy-like’ behavior 
In RAN1 #98, it is agreed in MR-DC/CA topic that L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported. Based on the progress, in RAN#85, the following was endorsed [4].
	1. RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI 
1. In parallel, in the next quarter, RAN1, in consultation with RAN2, specifies L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells under MC-DC/CA WI. 
1. Further study will be conducted if any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time, and, if agreed, the additional UE behavior will be specified.  
2. RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI
2. RAN2 will wait for RAN1 conclusion.  If it is agreed that additional behavior is needed for outside of active time, RAN2 chair will decide how to split the work between MC-DC/CA and Power Saving.   
1. MR-DC/CA and Power Saving WID will not be updated



Based on the above agreement, it needs further discussion on whether ‘dormancy-like’ behavior can be indicated in the PDCCH based power saving signal/channel outside active time. If the adaption between dormancy behavior and non-dormancy behavior can be triggered by the L1 signaling during Active Time, it would be straight forward to support the functionality in power saving PDCCH outside Active Time. The additional specification work in RAN1 and RAN2 is expected to be small. PDCCH based power saving signal outside of Active Time provides a good framework to convey the information outside active time for power saving.
Before an OnDuration the gNB will decide whether or not to wake up a UE, which means that the gNB can ‘know’ or ‘predict’ the traffic of the UE in advance. If the traffic is not too heavy, there is no need to monitor PDCCHs on all the serving cells together. From the network’s perspective, the indication of ‘dormancy-like’ behavior for SCell(s) in WUS can provide the flexibility for gNB to decide which serving cell will be used. While from the UE’s perspective, the indication of ‘dormancy-like’ behavior for SCell(s) in WUS can provide power saving gain.
Regarding the relationship between the discussion in MR-DC/CA and Power Saving, our view is that the discussion in MR-DC/CA will construct the general framework of ‘dormancy-like’ behavior indication aiming to manage SCell(s) no matter whether C-DRX is configured or not, while the discussion in Power Saving can reuse the framework to indicate ‘dormancy-like’ behavior indication more efficiently aiming to get power saving gain when C-DRX is configured. There is no conflict between the two topics.
Proposal 23. Support the PDCCH based power saving signal/channel outside active time to indicate ’dormancy-like’ behavior for SCell(s).
Regarding how to indicate ‘dormancy-like’ behavior, CC-group based indication is preferred in our point of view because of the following three motivations. First, how much power saving can be obtained depends on how many RF chains can be turned off. So it is more efficient to let the serving cells sharing the same RF chain to behave in the same way, where these serving cells can be grouped together. Second, besides the motivation for hardware design, the UE may desire to behave differently on different cells to monitor PDCCH on PCell for low latency, and not to monitor PDCCH on SCells for power saving. Third, using CC-group based indication can additionally reduce signaling overhead. Since the CC grouping highly depends on UE implementation, which cannot known by the gNB without UE’s reporting. It is beneficial to let UE report CC group 

Proposal 24. The ‘dormancy-like’ behavior is indicated per CC group, where the grouping information can be reported to the gNB.

0. Impact of PDCCH-WUS on UE Measurements/Reports
In last RAN1 meeting [5], there were some discussions on whether the periodic/semi-persistent CSI measurements/reports and background processing (such as RRM/RLM) are affected or not by the PDCCH-based wake-up indication outside Active Time, and a proposal was made as in the following.
	Proposal for conclusion:  It is understood in RAN1 that the non-scheduled UL transmissions, such as scheduling request, periodic and semi-persistent CSI reports, SRS, PRACH, and configured grant and the background processing, such as RRM/CSI/beam measurements/RLM measurements, are not affected and follow Rel-15 behaviors according to the wakeup indication from the power saving signal/channel outside Active Time.
· Note:  Possible of Relaxation of the RRM/CSI/beam/RLM measurements, if any, are not precluded and subject to RAN2/4 discussion.
· FFS: How DL SPS is handled
Send RAN2/RAN4 for feedback


Regarding the RLM and RRM measurements, the following agreement has been agreed in RAN2#107 meeting [6]
	Agreements in RAN2#107:
· RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)


In the following, we discuss the impact of PDCCH-WUS on CSI measurements/reports and the remaining issues on CSI-RS based RRM measurements. 
· CSI measurements and/or reports
In Rel-15, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported [7]. Besides, UE shall not perform periodic/semi-persistent CSI reporting outside Active Time [8]. On the other hand, RAN2 have agreed that UE does not start the drx-onDurationTimer if it is not indicated to wake-up by the PDCCH-WUS before the On Duration. 
Assuming the periodic/semi-persistent CSI measurements/reports shall not be performed when WUS indication is not detected and the ON duration timer is not started , a UE will not measure and report CSI for a long time when the UE does not detect wake-up indication during multiple consecutive DRX cycles. In addition, when UE needs to wake up from a long duration of sleep, the firstly reported CSI in Active Time is actually based on the measurement occasion in the last active time according to the description in TS 38.214. Therefore, the reported CSI measurement may not match the current channel condition. The reporting of out-of-date CSI is useless and consumes UE power unnecessarily.
To make the UE report the up-to-date CSI when the UE wakes up in On Duration, the most recent CSI measurement occasion for CSI to be reported is allowed to be outside DRX active time. Specifically, when UE wakes up, the reported CSI at the beginning of the On Duration is based on the CSI-RS resources just before the On Duration. To achieve this, UE may assume the CSI-RS resources for CSI reporting are available during a window that is configured before an On Duration. As an alternative of explicitly configuring a window, UE can assume the CSI-RS are always available during the duration between the WUS occasion and the associated On Duration. 
The window does not have to occur before each On Duration. The gNB should be able to configure the periodicity of such windows. 
Proposal 25. For CSI to be reported in one ON duration which is triggered by a wake-up indication, the most recent CSI measurement occasion occurs in a window just before the DRX On Duration.

· CSI-RS based RRM measurement
In TS 38.133, the requirement of RRM measurement period in layer 3 is specified. In layer 1, however, whether or not to perform RRM measurements in a certain DRX cycle is up to UE implementation if only the measurement accuracy required by TS 38.133 is satisfied. 
As agreed in RAN2, the RRM measurement is not impacted by WUS design, i.e. the UE continues to measure the required reference signals as per RRM requirements. This means the CSI-RS resources for mobility should be available for UE to perform RRM measurements even WUS indicates UE not to wake up to monitor PDCCH in the following On Duration. 
However, in Rel-15, for CSI-RS based RRM measurement, the availability of CSI-RS resources depends on the DRX cycle and the DRX status (within/out of DRX active time), as shown in the following from TS 38.214 [7].
	38.214 5.1.6.1.3 CSI-RS for mobility
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.


The above specification states that, if the DRX cycle is larger than 80ms and the UE is outside Active Time, the CSI-RS resources may be temporarily ceased. In Rel-15, UE starts drx-onDurationTimer in each DRX cycle, then the CSI-RS resources are available at least in every On Duration. With WUS configuration in Rel-16, UE may not enter DRX Active Time in each DRX cycle since UE may not start the drx-onDurationTimer based on the WUS indication. Then the CSI-RS resources are not guaranteed to be available in DRX cycles that are not in active time. This contradicts the RAN2 agreements. 
[bookmark: _GoBack]To eliminate this impact of PDCCH-WUS on CSI-RS based RRM measurement, the network should provide a sufficient number of RRM measurement opportunities even when the UE is out of active time. For example, a simple way is to guarantee the presence of CSI-RS resources for mobility during the DRX On Duration regardless of the indication of PDCCH-WUS.
Proposal 26. If the UE is configured with DRX and WUS, UE may assume the CSI-RS resources are available during each DRX On Duration for measurements based on CSI-RS-Resource-Mobility regardless of the WUS indication. 

[bookmark: _Ref19711575]Power saving PDCCH inside Active Time
According to the agreements in RAN1#98 [9], scheduling DCI formats 1_1 and 0_1 are enhanced to support the indication of cross-slot scheduling inside active time. For the adaptation of maximum MIMO layer, it was also discussed in RAN1#98 and it was agreed that the per-BWP configuration of maximum number of MIMO layers are supported. Detailed design on the scheduling DCI triggering cross-slot scheduling and MIMO adaptation can be found in the companion papers [10][11]. 
It was agreed that a new DCI format is introduced for power saving signal/channel configured outside Active Time at least for WUS indication. However, it is not decided yet whether the new DCI format can be also monitored when UE is in Avtive Time. A unified design of the DCI for WUS outside Active time and PDCCH skipping in Active time was discussed in our contribution [3]. It can be achieved by either an explicit indication in the DCI to understand the DCI correctly or an implicit rule for a UE to interpret the DCI differently (e.g. relative to UE’s active or OFF state). So, the same DCI format can be designed for waking up UE and triggering adaptation for other power saving adaptation including PDCCH skipping, which is also motivated from resource overhead reduction and less standardization efforts. 
Conclusions
The DCI format design and the PDCCH structure for the power saving signal/channel are discussed in the contribution for the scenario outside and inside Active Time. A table is provided for the functionalities that should be supported by the new DCI format outside Active time. And the following proposals are proposed based on the discussion.
Summary of functionalities supported by the new DCI format outside Active Time in Rel-16
	Potential functionalities/indications
	Support or not in Rel-16
	Summary of technical reasons

	WUS/GTS indication
	Support in Rel-16
	Already agreed.

	SCell index/CC-group indication
	Support in Rel-16
	The adaptation of dormant behavior is feasible according to CA/DC discussion. It is preferred to be also supported by the new DCI format outside Active Time.

	Additional aperiodic RS triggering

	Not specified in Rel-16 and suggest to be supported in Rel-17 as further enhancement
	Considering limited time in Rel-16

	Indication of minimum K0/K2 after wake-up
	Support in Rel-16
	Cross-slot scheduling is already supported in Rel-16, and it is with very limited specification impact to introduce the indication of cross-slot scheduling in WUS DCI.

	BWP ID
	Not support in the new DCI format outside Active Time.
	The concern/issues on the necessity and benefit need to be resolved first.

	SI change and PWS indication

	Support in Rel-16
	As a common field for the group of UEs corresponding to the new DCI format. Very limited specification work with additional power saving gain. 

	PDCCH skipping duration length
	FFS: Support in Rel-16 depending on WID scope or to be specified in Rel-17. 
	A number of companies show the attractive power saving gains for introducing PDCCH skipping inside Active Time. The time in Rel-16 may not be enough to specify PDCCH skipping. At least support it in Rel-17 if it is not specified in Rel-16.



Proposal 1. Beside the WUS indication, the new DCI format  is configured to carry at least the following indications outside Active Time in Rel-16:
· SCell ID or CC group ID for the adaptation of UE dormancy behaviour on the indicated cells;
· Indication of minimum K0/K2 values after UE wake-up;
· SI update and PWS indication as a common field;
Proposal 2. To reduce the resource overhead reduction and the standardization efforts, the new DCI format for waking up UE outside the active Time can be configured to be monitored for triggering adaptation of power saving within the Active Time.
Proposal 3. When UE is outside the DRX Active Time, the number of detected DCI format size(s) should not be larger than 2. 
Proposal 4. Payload size of the group DCI based WUS is aligned with the size of DCI formats scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI.
Proposal 5. Support randomized bit location for the WUS indication for a given UE to minimize the resource usage of the new DCI format rather than semi-statically configured one-to-one mapping bitmap.
Proposal 6. The maximum CORESET number in a BWP is not increased due to the introduction of PDCCH based WUS, which can be configured to reuse the CORESET(s) that are already configured for the active DL BWP. 
Proposal 7. Confirm the following working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
Proposal 8. The maximum number of search space sets per BWP is not increased due to the introduction of power saving PDCCH.
Proposal 9. UE BD/non-overlapping CCE limit are not increased due to the introduction of power saving PDCCH.
Proposal 10. UE can be configured to further monitor the search space sets for power saving PDCCH inside Active Time.
Proposal 11. Confirm the working assumption in RAN1#98: More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON
Proposal 12. The WUS monitoring occasions is defined by the search space set configuration for power saving and the WUS occasions in a monitoring window are expected to be monitored by the UE before the associated ON duration.
Proposal 13. Narrow down from the following alternatives regarding the UE behavior for WUS monitoring inside the WUS monitoring window:
· Alt.1: UE is assumed to monitor any one or multiple of the occasions in the associated monitoring window;
· Alt.2: UE is assumed to keep monitoring all the WUS monitoring occasions in the window or pre-determined multiple WUS occasions in the monitoring window.
Proposal 14. The UE can report its desired value(s) of the minimum WUS offset as UE assistance information.
Proposal 15. As design principle for PDCCH-based WUS, minimize the power consumption due to PDCCH-based power saving signal/channel detection.
Proposal 16. Adopt WUS-specific PDCCH DMRS initialization to differentiate from legacy PDCCH DMRS. 
Proposal 17. The scrambling sequence of PDCCH-based WUS is initialized with:
[image: ],
where [image: ] is equal to PS-RNTI regardless of  the used search space set and CORESET, and [image: ]is equal to the value used for the initiation of DMRS scrambling.
Proposal 18. Confirm the following working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.
Proposal 19. The WUS is supported for both long DRX cycle mode and short DRX cycle mode.
Proposal 20. Narrow down the two alternatives to support WUS for both long DRX cycles and short DRX cycles:
· Alt.1: individual search space set configurations for long and short DRX cycles;
· Alt.2: one common search space set with individual monitoring window configurations.
Proposal 21. For the case of group WUS, the UE shall by default monitor the scheduling PDCCHs in the associated C-DRX ON duration in case the WUS is not detected on WUS occasions in the associated monitoring window.
Proposal 22. UE wakes up when WUS occasion(s) becomes invalid as a result of overlapping with Timer-based BWP switching or measurement gaps or not inside the associated WUS monitoring window.
Proposal 23. Support the PDCCH based power saving signal/channel outside active time to indicate ’dormancy-like’ behavior for SCell(s).
Proposal 24. The ‘dormancy-like’ behavior is indicated per CC group, where the grouping information can be reported to the gNB.
Proposal 25. For CSI to be reported in one ON duration which is triggered by a wake-up indication, the most recent CSI measurement occasion occurs in a window just before the DRX On Duration.
Proposal 26. If the UE is configured with DRX and WUS, UE may assume the CSI-RS resources are available during each DRX On Duration for measurements based on CSI-RS-Resource-Mobility regardless of the WUS indication. 
Proposal 27. 
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Appendix-A: link level simulation assumption
Simulation assumptions
	SCS
	30k

	UE speed
	3km/h,120km/h

	Channel model
	‘CDL-C’ (assumption in the agreement)

	Delay spread
	100ns

	Carrier frequency
	4GHz

	Frequenc offset
	+/-0.1 ppm

	Time offset
	1 CP

	Antenna
	gNB & UE: (1,1,2) with omni-directional antenna element


Assumptions for DCI based power saving signal
	CORESET Bandwidth
	48RB

	DCI length
	[??]

	CRC length
	24bit

	Aggregation level
	1,2,4,8,16

	DMRS channel estimation
	‘real’

	Corset symbol
	2

	Mapping type
	‘Interleaved’

	REG bundle size
	2
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