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1. Introduction
In Rel-17, there is a UE power saving WID agreed in RAN 86 [1], the scope of which UE power saving for connected mode is given as follows:
	…
2)  Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
   a) 	Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
…



In RAN1#102-E, the simulation assumptions for power saving evaluation is agreed. And in this contribution, we will discuss evaluation results for the DCI-based power saving adaptation and specification impacts.
2. Challenges to be handled for UE power saving in connected mode
In Rel-16 WI of UE power saving, the following techniques are specified.
1) WUS linked to CDRX onduration
2) Cross-slot scheduling enhancement
3) Adaptation of maximum DL MIMO layers
4) RRM relaxation for neighbor cell in idle/inactive mode
5) UE assistant information of power saving
6) Scell dormancy
Most of these Rel-16 techniques except RRM relaxation for neighbor cell in idle/inactive mode are targeting power saving in connected mode. For Rel-17, there are still some power saving challenges in connected mode and Rel-16 techniques can’t handle them sufficiently.
1. 
2. 
2.1. Same search space configuration for DL grant and UL grant
In Rel-15/16, the non-fallback DCI for DL and UL scheduling are always configured simultaneously by search space set as shown below in TS 38.331, i.e. DCI format 0_1 and 1_1, DCI format 0_2 and 1_2 (marked yellow as below). Typically, the non-fallback DCIs for DL and UL scheduling have different DCI sizes. That means UE need to blind decoding both. 
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    ...                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL, -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...,
            [[
            dci-FormatsSL-r16                    ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1, formats3-0, formats3-1,
                                                             formats3-0-And-3-1}                        OPTIONAL,    -- Need R
            dci-FormatsExt-r16                   ENUMERATED {formats0-1-And-1-1, formats0-2-And-1-2, formats0-1-And-1-1And-0-2-And-1-2}
                                                                                                        OPTIONAL,    -- Need N
            searchSpaceGroupIdList-r16       SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)                  OPTIONAL,    -- Need R
            freqMonitorLocations-r16             BIT STRING (SIZE (5))                                  OPTIONAL     -- Need R
            ]]
        }
    }                                                                                                   OPTIONAL    -- Cond Setup2
}

However, most services are asymmetrical in DL and UL. For example, file downloading, file uploading, etc. Another example is some use cases described in the scope of RedCap NR devices, the traffic is mainly either DL dominant or UL dominant, e.g. video surveillance and industrial sensors have UL dominant traffic, it is desired to configure non-fallback DCI for UL scheduling for more frequent monitoring than DL scheduling. On one hand, when the UL and DL non-fallback DCI sizes are different, it increases the BDs; on the other hand, having both DL and UL non-fallback DCI limits the possibility to reduce the DCI size budget, or increases UE complexity for additional DCI size alignment as well as unnecessary overhead. As shown in Figure 1(a), DL packets and UL packets arrives in different slots. In Figure 1(b), from T1 to T6, UE blind decodes both UL and DL grant according search space configurations. In Figure 1(c), only one UL grant is received in T2 and on other slots there is no UL grants successfully decoded. Indeed only one UL grant is transmitted in slot T2. This will lead to power wasting due to unnecessary blind decoding for some DCI format (e.g., UL grant in Figure 1).
Observation 1: 
In Rel-15/16, the non-fallback DCI for DL and UL scheduling are always configured simultaneously by search space set. This means UE need to blind decode both DCI formats in same time pattern. However, most services are asymmetrical in DL and UL. This will lead to power wasting due to unnecessary blind decoding for some DCI format.



Figure 1. Mismatch between DL/UL packets and DL/UL grant monitoring


2.2. Search space group switching without BWP framework is not efficiently supported
In Rel-16, wake up signal (WUS) is introduced to indicate UE whether to monitor PDCCH in CDRX onduration or not. However, when UE is in CDRX active time, e.g., CDRX-inactivity timer starts, UE need to monitor PDCCH according to search space and CORESET configurations. How to dynamic change the search space and CORESET configurations? 
In Rel-15/16, search space and CORESET are configured per BWP, so for power saving purpose, a UE can dynamically switch SS group by BWP switching. Since the maximum number of BWPs for DL/UL per cell is 4, and different BWP may indicate different bandwidth (e.g., 20MHz BWP and 100MHz BWP) and different maximum DL MIMO layers (e.g., BWP of 2Rx and BWP of 4Rx), the remaining BWPs to indicate different SS is scarce.
It is understood that techniques in Rel-16 and Rel-17 UE power saving WI can be used for RedCap UEs. However, for RedCap UEs, the system bandwidth of FR1 can be e.g., 20MHz. Dynamic BWP switching is not likely to be supported for RedCap UE with 20MHz bandwidth. Therefore, it is worthwhile to consider PDCCH monitoring adaptation not relying on BWP switch framework (as shown in Figure 2). 
Observation 2: 
It is necessary to support search space group switching without BWP framework for both RedCap UE and non-RedCap UEs, due to the following restrictions of BWP framework.
· In Rel-15 and Rel-16, the maximum number of configured BWPs for DL/UL per cell is 4. Besides BWP of different bandwidth and different maximum DL MIMO layers, the remaining BWPs to indicate different SS is scarce.
· For RedCap UEs, dynamic BWP switching is not likely to be supported for RedCap UE with 20MHz bandwidth.



Figure 2. PDCCH monitoring adaptation not relying on BWP switch framework
2.3. FR2 analog beam issue
In FR2, due to the restriction of analog beamforming, there is only one beam direction across the whole bandwidth at one time. When there are lots of UE in different positions of cell, gNB need to schedule different UEs in different slots. Then for one UE, e.g., the target UE as depicted in Figure 3, from T1 to T7, gNB generates beams to schedule other UE. In slot T8, the target UE can be scheduled. Then there is a time span (T1 to T7) where the target UE can skip monitoring PDCCH to save power. However, the search space configuration for target UE cannot exactly match the time pattern for analog beam. So there are some optimizations available to adapt the PDCCH monitoring behavior to match the time pattern for analog beam.

Observation 3: In FR2, due to the restriction of analog beamforming, there is only one beam direction across the whole bandwidth at one time. There are some optimizations available to adapt the PDCCH monitoring behavior to match the time pattern for analog beam.



Figure 3. Awaiting time for scheduling target UE due to analog beamforming

3. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Enhancements for Rel-17 Power saving for Connected Mode
A couple of Rel-17 DCI-based power saving adaptation schemes in active time is considered during previous discussions, including the followings,
· Adaptation of PDCCH monitoring behaviours  
· Search space set group switching 
· PDCCH skipping which indicate to change PDCCH monitoring behaviour, e.g., 
· to monitor PDCCH or to skip monitoring PDCCH, 
· to skip PDCCH monitoring for a certain duration,
· to adapt to different PDCCH parameters
· search space set level activation/deactivation
· Dynamic adaptation to the maximum number of MIMO layers within the active BWP
· Decoupling non-fallback DCI for DL and UL scheduling, i.e., configure different SS for each, adaptively monitoring non-fallback UL DCI by SR
· Extend RB sets adapatation for PDCCH monitoring in frequency domain to licensed band
·  [Relaxing PDSCH processing time]
· Multi-PDSCH/multi-PUSCH scheduling
· WUS for short DRX

1. 
2. 
3. 
3.1. Evaluation of enhanced Re-17 schemes
3.1.1. SS switch and PDCCH skipping
	Agreements:
· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.
· DRX
· C-DRX cycle 40msec for VoIP
· 10ms IAT, 8ms On-duration
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· Alt 1: 20 msec IAT, 8ms On-duration
· Alt 2: short DRX
· 20 ms [or 40ms as optional] IAT, 8ms On-duration
· 20 ms for short DRX cycle, 4 cycles
· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving
· DCP for DRX adaptation,
· DCP offset  to DRX ON = 2 ms, other values are not precluded
· Cross-slot scheduling adaptation
· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2
· BWP switching, including
· MIMO layer adaptation,
· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2
· PDCCH monitoring period adaptation
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring
· X = [2] for FR1 and [8] for FR2
· Bandwidth adaptation
· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2
· Note: 
· BWP transition time type 2 is assumed, BWP transition duration is
· 5 slot @ 30kHz SCS for FR1, 
· 18 slot@120kHz SCS for FR2
· the slot-average power level for BWP transition duration is according to TR38.840
· BWP transition time type 1 can be optional modelled
· BWP switching is Y (ms) after last packet/data burst. 
· Y = [8], other values are not precluded
· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.
· Scell dormancy assumption for CA capable UEs
· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting
· Other settings
· CA assumption if configured for CA capable UEs
· For FR1, FFS
· For FR2, 4*100MHz can be considered.
· Assumptions for scheduler
· For FR1, no restriction on the beam assumptions being used in each slot
· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 
· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.
· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions .



Based on the agreements adopted in the last meeting, we give the following evaluations for the two potential schemes, i.e. SS switching and PDCCH skipping for the purpose of enhance DCI-based power saving adaptation in connected mode. Table 1 describes the traffic models and corresponding DRX settings for evaluation. 
[bookmark: _Hlk54086944]Table 1 The traffic models and corresponding DRX settings for evaluation.
	　
	Configuration 1
	Configuration 2
	Configuration 3

	Traffic Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.

	Packet size
	0.5 Mbytes
	0.15 Mbytes
	Assume max two packets bundled.
　

	Mean inter-arrival time
	200 ms
	30 ms
	

	DRX setting
	Cycle = 160 ms
	Cycle = 40 ms
	Cycle = 40ms

	
	IAT= 20 ms
	IAT = 10 ms
	IAT = 10 ms

	
	On duration = 8ms
	On duration = 8ms
	On duration = 8ms


 
We further give the following configuration of two baselines and enhancement schemes as follow in Table 2. 
Table 2 evaluation schemes for power saving
	Schemes
	Notes

	B1(Baseline schemes 1), single CC, single BWP, cross-slot scheduling capable UE
	· No BWP switching
· UE monitoring PDCCH per slot in active time
· data-efficient / power-efficient period switching
· For data-efficient period
· Minimum K0 = 0
· For power-efficient period
· Minimum K0 = 1
· Switching mechanism
· by UE-specific DCI, UE applies the configuration in the next slot.
· MAC CE stop command can be used to stop current DRX cycle

	B2(Baseline schemes 2), single CC, two BWP, cross-slot scheduling capable UE
	· BWP switching between data-efficient / power-efficient BWP
· data-efficient / power-efficient BWP switching
· For data-efficient BWP
· Minimum K0 = 0
· Per slot monitoring
· For power-efficient BWP
· Minimum K0 = 1
· X slot monitoring
· Switching mechanism
· by UE-specific DCI, UE applies the configuration after BWP switching delay. Interruption power model is according to TR38.840.
· MAC CE stop command can be used to stop current DRX cycle

	E1(Enhanced scheme 1): SS switching
	· Scheduling DCI for SS switching
· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring, 
· X =2,4,8 for FR1
· data-efficient / power-efficient BWP switching
· For data-efficient BWP
· Minimum K0 = 0
· Per slot monitoring
· For power-efficient BWP
· Minimum K0 = 1
· X slot monitoring
· Switching mechanism
· UE applies the configuration in the next slot.
· MAC CE stop command can be used to stop current DRX cycle
· Other configurations are same as that of Baseline scheme1 or Baseline scheme2.

	E2(Enhanced scheme 2): PDCCH Skipping
	· Scheduling DCI for PDCCH skipping
· PDCCH skipping can be 0,4,8,16,32,64,128 slots, gNB dynamically indicate UE which value is used.
· Note: when gNB indicates UE to skip N slot until expire the drx_InactivityTimer, UE choose to go to deep sleep whenever possible.
· Other configurations are same as that of Baseline scheme1 or Baseline scheme2.

	Note: 
· DCP is not modelled in the simulation, since the baseline schemes is that UE should perform RLM/BFD measurements every DRX cycle, DCP without RLM relax has little gain compared to no DCP. [R1-2005392]
· No HARQ is modelled
· RLM/BFD measurement is performed every DRX cycle based on SSB.
· In case SSB overlapped with PDCCH monitoring/PDSCH, using TR38.840 power model.
· Assumed the number of measured/total beams for RLM/BFD per DRX cycle is 2 (1 slot).
· MAC CE stop command.
· UE stop monitoring PDCCH 4ms after gNB inform UE to stop by MAC CE command when last packet is received.




Based on the assumptions aforementioned, the system simulation results are shown in Table 3. 
	Schemes
	Power saving gain

	
	Configuration1
	Configuration2
	Configuration3

	E1 vs B1
	X =2, gain=2.48%;
	X =2, gain=4.09%;
	X =2, gain=6.58%;

	
	X =4, gain=3.72%;
	X =4, gain=6.13%;
	X =4, gain=9.87%;

	
	X =8, gain=4.34%.
	X =8, gain=7.15%.
	X =8, gain=11.52%.

	E2 vs B1
	18.52%
	18.87%
	31.60%

	E1 vs B2
	X =2, gain=2.23%;
	X =2, gain=3.65%;
	X =2, gain=5.87%;

	
	X =4, gain=3.35%;
	X =4, gain=5.47%;
	X =4, gain=8.80%;

	
	X =8, gain= 3.90%.
	X =8, gain=6.38%.
	X =8, gain=10.27%.

	E2 vs B2
	15.51%
	13.10%
	25.16%



As Table 3 shown, compared with the three configurations, the most power saving gain by two enhancement schemes can obtained with VoIP traffic model. The denser data traffic is and the smaller size of data packet, the more power saving gain can be achieved. Another trend can be observed from the table is that compared with B1, the power saving gain will be lower when using the B2 as the baseline schemes. Besides, due to the MAC CE stop command is considered in our baseline schemes, the time ratio of PDCCH-only will be sharp reduced. And that is the reason why the power saving gain of SS switching scheme (E1) is less than 11.52%. However, it is still beneficial to adopt the SS switching scheme on the basis of current NRU SS group switching structure. Up to 31.6% power saving gain can be observed by using layer 1 signalling (i.e. PDCCH skipping scheme (E2)) rather than the inefficient high layer signalling (i.e. MAC CE stop command) to inform UE to stop the no sense PDCCH monitoring.
Observation 4: Up to 11.52% and 31.6% power saving gain can be achieved by SS switching and PDCCH skipping schemes respectively.
3.1.2. Decouple non-fallback DCI for DL and UL scheduling
Reducing the number of DCI sizes to monitor per PDCCH candidate is another method of DCI-based power saving adaptation. In Rel-15/16, the non-fallback DL DCI and UL DCI are always configured simultaneously by search space set as shown in TS 38.331, i.e. DCI format 0_1 and 1_1, DCI format 0_2 and 1_2 (marked yellow as below). Typically, the non-fallback DL and UL DCI have different DCI sizes. However, the traffic is mainly either DL dominant or UL dominant, e.g. video surveillance having UL dominant traffic, it is desired to configure UL non-fallback DCI for more frequent monitoring than DL non-fallback DCI. When the UL and DL non-fallback DCI sizes are different, it increases the number of BDs. Therefore, decoupling non-fallback DL and UL DCI monitoring is a feasible method for the purpose of power saving.
Note that DCI format 0_1 and/or 1_1 are always considered in our evaluation. For other DCI formats, e.g., DCI formats 0_0 and 1_0 in CSS are scarcer than DCI format 0_1 and 1_1. Without loss of generality, we give the upper and lower boundary values of the power saving gain based on two reference baselines. One baseline assumes there are two DCI sizes, i.e. non-fallback DL DCI and UL DCI to be monitored by UEs; In another assumption, UEs need to monitor three DCI sizes, i.e. non-fallback DL DCI, non-fallback UL DCI and fallback DCI. Besides, VoIP traffic model with DL traffic is considered in simulation, then for enhanced scheme, only SS for DCI format 1_1 is considered. The simulation results are shown in Table 2.
· Case 1 (UE BD 3 DCI sizes): DCI format 1_1/ 0_1 and DCI 1-0/ 0-0 are configured, DCI format 1_1 and 0_1 have different DCI size.
· Case 2 (UE BD 2 DCI sizes in most slots): By decoupling non-fallback DL and UL DCI monitoring, DCI format 0_1 and DCI 1-0/ 0-0 or DCI format 1_1 and DCI 1-0/ 0-0 are configured. Up to 33.3% reduction in BDs per slot can be obtained relative to Case 1.
· Case 3 (UE BD 2 DCI sizes in most slots): DCI format 1_1 and DCI format 0_1 is configured, DCI format 1_1 and 0_1 has different DCI size.
· Case 4 (UE BD 1 DCI sizes in most slots): One of the DCI format 1_1 and DCI format 0_1 is configured very sparse. DCI 1-0/ 0-0 is configured very sparse.The number of BDs is half of that of Case 3, i.e. 50% reduction in BDs per slot can be obtained, by decoupling method.
Figure 4. illustration of different cases for downlink and uplink decouple
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Case 1
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Case 2
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Case 3
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Case 4

	Note: Sparse means the corresponding PDCCH monitoring is configured sparse in time-domain, such that the power consumption additionally caused by this can be minimized. Dense means the corresponding PDCCH monitoring is configured dense compared to the ‘sparse’. 



Other simulation assumptions are clarified below:
· DCI sizes for DCI format 0_1 and 1_1 are different and fallback DCIs have the same size;
· HARQ process is not modelled;
· Same-slot scheduling;
Table 4 The power saving gain by decoupling non-fallback DL and UL.
	Power saving schemes
	Power saving gain

	DCI size reduction: 3 -> 2
Case 2/case 3 vs case 1
	5.9%

	DCI size reduction: 2 -> 1
Case 4 vs case 2/case 3
	8.9%



Observation 5: For VoIP traffic, decoupling non-fallback DL and UL can reduce the number of DCI sizes monitored by UE thus 5.9%~8.9% power saving gain.
Proposal 1: Support decoupling the configuration of DL non-fallback DCI and UL non-fallback DCI monitoring for UE power saving.

3.2. Specification impact 
3.2.1. Support of SS Switching and/or PDCCH skipping for dynamic PDCCH monitoring behaviour adaptation
Considering the evaluation results, it is expected DCI dynamically indicate SS switch or skipping is supported, i.e., dynamic PDCCH monitoring behaviour adaptation (Hereinafter referred to as ‘PDCCH adaptation’).
Rel-16 has supported SS set switching mechanism. UE can switch to monitor SS sets in group 1 when it detects any DCI format / group common DCI by monitoring PDCCH on a SS set associated with SS group 0. Such mechanism for NR-U as is to adapt the UE monitoring based on the gNB channel occupancy. However, it does not make sense for licensed band operation for power saving purpose, since there is no need to do SS set switching when UE detects a group-common DCI format.
Adding one or more bit(s) is expected  to indicate dynamic ‘PDCCH adaptation’ in the current UE-specific DCI can solve the issue. It is proposed that supporting both DCI format x_1/x_2 indicates dynamic PDCCH monitoring behaviour adaptation in Active Time. Typical use case for DCI format x_2 is traffic with more intensive arrival rate, with support of DCI format x_2 to dynamically indicate ‘PDCCH adaptation’, it is beneficial to save power even for such traffic.
Proposal 2: supporting both DCI format x_1/x_2 indicates dynamic PDCCH monitoring behaviour adaptation in Active Time.
A list of alternatives for indicating dynamic ‘PDCCH adaptation’ in DCI is as follows in Table 5

Table 5: alternatives for indicating dynamic ‘PDCCH adaptation’ in DCI
	
	Alternatives 
	Prefered ?
	Note

	1-bit
	1) 1-bit indicate switching from one SS to another SS
	Yes
	Similar to Rel-16 SS switch. However, the power saving gain is limited.

	
	2) 1-bit indicate whether to skip the DRX cycle
	Yes
	It is better tfor power saving, however it may prolong the delay.

	
	3) 1-bit for PDCCH skipping
	No
	Not enough flexiblity.

	X bits, X>1
	4) X-bit indicate switching among multiple SSs
	No
	The evaluation shows the power saving gain among switching from X=2,4,8 is not as much as  possible.

	
	5) X-bit to select among multiple values  of the number of slots for PDCCH skipping
	Yes
	The UE can be indicated to go to sleep flexiblely



Considering the following reasons, it is also preferred that the indication of ‘PDCCH adaptation’ is independent from the DCI bit(s) indicating cross-slot/same-slot scheduling or Scell dormancy.
· If it is joint indication, the  ‘PDCCH adaptation’ shall be supported dependent on whether dynamic cross-slot/same-slot scheduling or Scell dormancy is supported. However, we think although the features are both for power saving purpose, but they have quite different designs which can be treated independently and supported feature by feature.
· The DCI field size for supporting ‘PDCCH adaptation’ might be different from dynamic cross-slot/same-slot scheduling or Scell dormancy.

Proposal 3: Support additional bit(s) to be configured in DCI x_1/x_2  to support dynamic ‘PDCCH adaptation’. The bit(s) can be 
· Alt a : 1-bit indicate switching from one SS to another SS
· Alt b: 1-bit indicate whether to skip the DRX cycle
· Alt c : X-bit to select among multiple values  of the number of slots for PDCCH skipping (X>1)
And the indication is independent from the dynamic cross-slot/same-slot scheduling or Scell dormancy indication.

Another question related when does the ‘PDCCH adaptation’ indication applies. Intuitively, an application delay should be defined, UE applies the PDCCH monitoring behaviour adaptation immediately after the application delay.
In addition to that,  a timer-based adaptation can be used for fallback behaviours. When UE has not detected any scheduling DCIs after a certain duration, it can automatically fallback to a more power efficient PDCCH monitoring configuration, e.g., switch to SS with sparse PDCCH MOs.
Moreover, considering delay is also need to be taken into account in order not to prevent gNB schedule a retransmission quickly, additional conditions for PDCCH monitoring behaviour adaptation can be considered, such as:
· HARQ-ACK corresponding to the PDCCH, e.g., UE only applies PDCCH monitoring behaviour adaptation when ACK is transmitted. (as illustrated in Figure 5)
· Right after DCI indication but start timer(s) to handle retransmission if required.

Figure 5: illustration of apply  ‘PDCCH adaptation’ (e.g., PDCCH skipping) based on NACK
[image: ]

Proposal 4: Define an application delay, UE applies the PDCCH monitoring behaviour adaptation immediately after the application delay
· Additionally, a timer-based adaptation can be used for fallback behaviours.
· Additional conditions for PDCCH monitoring behaviour adaptation.
· HARQ-ACK corresponding to the PDCCH, e.g., UE only applies PDCCH monitoring behaviour adaptation when ACK is transmitted.
· Right after DCI indication but start timer(s) to handle retransmission if required.


3.2.2. Decouple non-fallback DCI for DL and UL scheduling
The specification impact of decouple non-fallback DCI for DL and UL scheduling is marginal. The non-fallback DL DCI and UL DCI configured in search space set need to be supported, as shown below.
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    ...                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL, -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...,
            [[
            dci-FormatsSL-r16                    ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1, formats3-0, formats3-1,
                                                             formats3-0-And-3-1}                        OPTIONAL,    -- Need R
            dci-FormatsExt-r16                   ENUMERATED {format0-1, format1-1, format0-2, format1-2,formats0-1-And-1-1, formats0-2-And-1-2, formats0-1-And-1-1And-0-2-And-1-2}
                                                                                                        OPTIONAL,    -- Need N
            searchSpaceGroupIdList-r16       SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)                  OPTIONAL,    -- Need R
            freqMonitorLocations-r16             BIT STRING (SIZE (5))                                  OPTIONAL     -- Need R
            ]]
        }
    }                                                                                                   OPTIONAL    -- Cond Setup2
}

4. Update of Rel-16 Evaluation methodology and traffic models for power saving in connected mode
4.1. Traffic models
In [3], the traffic models are listed in Table 1. Mean inter-arrival time for FTP traffic	and Instant messaging (IM) is relatively large, e.g., >= 200ms. 160ms CDRX long cycle is suitable for FTP and IM. For VoIP, the Mean inter-arrival time for voice packets is 20ms and 40ms CDRX long cycle is suitable for VoIP assuming 2-packet bundling. However, the packet arrival for VoIP is periodic. 

Table 1. Traffic models for R16 UE power saving
	
	FTP traffic
	Instant messaging
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
	Period = 320 ms
Inactivity timer = 80 ms

	Period = 40 ms
Inactivity timer = 10 ms


It is more challenging in power saving for services with smaller mean inter-arrival time (e.g., <100ms) and random packet arriving. Gaming is such kind of service and is studied in Rel-16 power saving SI phase. 

In order to simplify the gaming traffic model with existing FTP model 3, the following reusing FTP Model 3 with modified mean inter-arrival time(e.g., online gaming)can be considered,

	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms



Proposal 5: A modified traffic model inter-arrival time can be considered in for power saving evaluation. 
· reusing FTP Model 3 with modified mean inter-arrival time(e.g., online gaming)
	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms



5. Conclusion
In this contribution,  the following observation and proposals are presented,
Observation 1: 
In Rel-15/16, the non-fallback DCI for DL and UL scheduling are always configured simultaneously by search space set. This means UE need to blind decode both DCI formats in same time pattern. However, most services are asymmetrical in DL and UL. This will lead to power wasting due to unnecessary blind decoding for some DCI format.
Observation 2: 
It is necessary to support search space group switching without BWP framework for both RedCap UE and non-RedCap UEs, due to the following restrictions of BWP framework.
· In Rel-15 and Rel-16, the maximum number of configured BWPs for DL/UL per cell is 4. Besides BWP of different bandwidth and different maximum DL MIMO layers, the remaining BWPs to indicate different SS is scarce.
· For RedCap UEs, dynamic BWP switching is not likely to be supported for RedCap UE with 20MHz bandwidth.

Observation 3: In FR2, due to the restriction of analog beamforming, there is only one beam direction across the whole bandwidth at one time. There are some optimizations available to adapt the PDCCH monitoring behavior to match the time pattern for analog beam.
Observation 4: Up to 11.52% and 31.6% power saving gain can be achieved by SS switching and PDCCH skipping schemes respectively.

Observation 5: For VoIP traffic, decoupling non-fallback DL and UL can reduce the number of DCI sizes monitored by UE thus 5.9%~8.9% power saving gain.
Proposal 1: Support decoupling the configuration of DL non-fallback DCI and UL non-fallback DCI monitoring for UE power saving.
Proposal 2: supporting both DCI format x_1/x_2 indicates dynamic PDCCH monitoring behaviour adaptation in Active Time.
Proposal 3: Support additional bit(s) to be configured in DCI x_1/x_2  to support dynamic ‘PDCCH adaptation’. The bit(s) can be 
· Alt a : bit indicate switching from one SS to another SS
· Alt b: bit indicate whether to skip the DRX cycle
· Alt c : X-bit to select among multiple values  of the number of slots for PDCCH skipping (X>1)
And the indication is independent from the dynamic cross-slot/same-slot scheduling or Scell dormancy indication.

Proposal 4: Define an application delay, UE applies the PDCCH monitoring behaviour adaptation immediately after the application delay
· Additionally, a timer-based adaptation can be used for fallback behaviours.
· Additional conditions for PDCCH monitoring behaviour adaptation.
· HARQ-ACK corresponding to the PDCCH, e.g., UE only applies PDCCH monitoring behaviour adaptation when ACK is transmitted.
· Right after DCI indication but start timer(s) to handle retransmission if required.

Proposal 5: A modified traffic model inter-arrival time can be considered in for power saving evaluation. 
· reusing FTP Model 3 with modified mean inter-arrival time(e.g., online gaming)
	
	Modified FTP traffic 3 

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms
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