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1 Introduction
During the RAN1#102-e meeting, discussion related to reducing PDCCH monitoring was mainly focused on evaluation assumptions. Based on the discussion, the following consensus was reached. 
	Agreements:

· Use the VoIP traffic model from TR 38.840 as baseline. Other VoIP traffic models are not precluded and companies to report if other VoIP traffic models are assumed in evaluation.
· For power saving evaluation of RedCap UEs:

· Reuse the Instant message traffic model from TR 38.840 as baseline. Other Instant traffic models based on FTP model 3 are not precluded and companies to report the mean inter-arrival time and packet size if other instant traffic models are assumed in evaluation.

· FFS: ‘heartbeat’ traffic model

· The scaling factor ‘0.7’ is used for 2 Rx to 1Rx power scaling for power reduction related evaluation.

· For evaluation, the power scaling for PDCCH candidate reduction defined in TR 38.840 is reused for Redcap UEs.

· For power consumption evaluation, the DRX configurations of Instant message and VoIP in TR 38.840 are reused.

· Discussion on reduced maximum number of configurable CORESET technique for power saving is deprioritized in the Redcap power saving sub-agenda

· For power consumption evaluation, use FTP-3 model with 100 Bytes packet size and 60s mean inter-arrival time as baseline for ‘heartbeat’ traffic.

· For power consumption evaluation, reuse the following DRX configuration defined in TS 38.840 for ‘heartbeat’ traffic model:

· C-DRX cycle 640 msec, inactivity timer {200, 80} msec

· FR1 On duration: 10 msec

· FR2 On duration: 5 msec

· For the PDCCH blocking rate evaluation, at least the following parameters are assumed as baseline: 
Parameters

Assumptions

Number of candidates for each AL

Each company to report.

SCS/BW  

FR1: 30KHz/20MHz

· 15kHz/20MHz is optional

FR2: 120KHz/[100]MHz

CORESET duration 

2 symbols, with 3 symbols optional

Delay toleration (Slot)
1 (1: implies that PDCCH is blocked if it can’t be scheduled in the given slot), with 2 optional
Aggregation level Distribution 
Companies to report (including the necessary UE channel conditions and deployment scenario(s) for the aggregation level distribution)
· For Redcap power consumption evaluation:

· Note that 2RX is assumed
Power State

Alt.4a 

Deep Sleep (PDS)

0.8

Light Sleep (PLS)

18

Micro sleep (PMS)

31

PDCCH-only (PPDCCH)

50 for same-slot scheduling, 

40 for cross-slot scheduling

PDCCH + PDSCH (PPDCCH+PDSCH)

120

PDSCH-only (PPDSCH)

112

SSB/CSI-RS proc. (PSSB)

50

Intra-frequency RRM measurement (Pintra)

[60]Note4 (synchronous case, N=8, measurement only)

[80] Note4 (combined measurement and search)

Inter-frequency RRM measurement (Pinter)

[60] Note4 (neighbor cell search power per freq. layer)

[15080] Note4 (measurement only per freq. layer)

Micro sleep power assumed for switch in/out a freq. layer

Working assumption:

Adopting the following rule for power determination

· Rule 1: ‘Micro sleep’ power of 1 Rx is [0.8]x2 Rx ‘Micro sleep’ power 

· Rule 2: For both 1 Rx and 2 Rx configuration, 

· P(α) = max (Micro-sleep, α ∙ Pt + (1 – α) ∙ 0.7Pt))

· Pt is the PDCCH-only power for same slot and cross-slot scheduling cases.
Conclusion: It is up to each company to report the power consumption modeling for 3-symbols CORESET configuration and reduced number of non-overlapped CCEs.   


In this contribution, we will focus on the discussion on the reduced PDCCH monitoring. Firstly we analyse the potential aspects can be considered for the PDCCH monitoring reduction and then figure out the possible PDCCH monitoring solutions for the reduced capability devices. At last our views will be revealed based on the discussion.  

2 Discussion
In NR, PDCCH monitoring occasions are configured and UEs are only required to perform PDCCH detection on the configured occasions. To be more specific, the PDCCH monitoring occasions are configured in terms of PDCCH monitoring periodicity, PDCCH monitoring duration in slots and the monitoring pattern in one slot. For different UEs, different parameters can be configured to adapt the traffic feature and the power saving requirement. In each PDCCH monitoring occasion, the aggregation level and the number of PDCCH candidates for each aggregation level are further configured. Similarly, the supported aggregation levels, the corresponding number of PDCCH candidates and the number of DCI sizes to be monitored can be configured in UE specific way based on for example, the channel status. 
Reducing the PDCCH monitoring is not a new topic and many possible directions were raised and discussed before. The following are some options:
· Option 1: Adapt the PDCCH monitoring occasions to the traffic
· Option 2: Reduce the number of blind decoding in each PDCCH monitoring occasion

· Option 2-1: reduction is performed via configuration

· Option 2-2: reduction is performed via UE capability restriction 

· Option 3: Wake-up or go to sleep indication to avoid unnecessary PDCCH monitoring 

· Option 4: Multi-TB scheduling. E.g., Scheduling multiple TBs in multiple slots or scheduling multiple TBs in multiple CC

· Option 5: Scheduling without PDCCH

For option 1, it is already supported in current PDCCH monitoring mechanism. For example, when the gNBs figure out the traffic for one UE becomes sparse, then gNBs could prolong the monitoring periodicity by adjusting the parameters of PDCCH monitoring occasions. But current design only support the semi-static adaptation and more dynamic adaptation was raised and discussed in the power saving project. If the dynamic adaptation of monitoring occasion is supported for the normal NR devices, this mechanism can be extended to the use case of Redcap as well. 
For Option 2, it was extensively discussed during the 101-e meeting. To achieve this target, one solution is to restricting the number of blind decoding via configuration which is already supported in current NR. Another solution is to restrict the capability of PDCCH monitoring. For example, when the SCS is 15 kHz, the maximum number of blind decoding is reduced from 44 to 22. Comparing these two solutions, they achieve similar performance from the aspect of power saving. From the perspective of cost reduction, Option 2-2 outperforms Option 2-1 due to relaxed requirement on the PDCCH processing. On the other hand, Option 2-1 is better than Option 2-2 from the perspective of scheduling flexibility and the PDCCH blocking performance. Therefore, RAN1 should further study which one is preferable by considering the pros and cons of these two solutions. 
For Option 3, PDCCH-based power saving signalling is introduced before the on-duration time to inform UE to wake up or keep sleeping during the upcoming active time in the C-DRX case.  Besides the C-DRX case, we can further study whether the idea of power saving can be extended to some other use cases. For example, during the active time, UEs would monitor PDCCH in periodic way, before each PDCCH monitoring period, such power saving signal could help to inform UE to continue the PDCCH monitoring or skip this monitoring period. 
For Option 4, one typical example is multi-TB scheduling as demonstrated in Fig. 1. One PDCCH would schedule multiple TBs in time domain and some scheduling information such as MCS and resource allocation are common for the scheduled TBs. Currently, this kind of scheduling manner was already introduced for MTC UEs in case of scheduling of packet with large size. In MTC, the target usage scenario of multi-TB scheduling is that UE is in relatively stable channel status and the scheduling information is quite similar in multiple slots. Actually, for reduced capability UEs, some usage scenarios are quite similar to that of MTC UEs. For example, industrial sensors and video surveillances are of little mobility and the channel status is quite stable as well. In this case, extending the idea of multi-TB scheduling to the reduced capability devices is feasible. 
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Figure 1 Example of multi-TB scheduling
Proposal 1: Consider the multi-TB scheduling for reduced capability devices 

For option 5, gNB preconfigures the scheduling information and reserves the resource for the coming traffic. On the UE side, once the traffic generated, UEs transmit the data based on the preconfigured scheduling information on the reserved resource directly without PDCCH scheduling. In connected mode, the SPS scheduling or the configured grant scheduling is a kind of scheduling without PDCCH. For UE in idle mode or inactive mode in NR, there is no such mechanism currently. UEs in idle mode have to perform the RACH to enter the connected mode and receive PDCCH for the scheduling. For MTC and NB-IoT, UEs in idle mode directly transmit data without RACH and PDCCH was specified in release 16. The typical application scenario is that UEs are of low mobility and then the previous TA can be maintained even without RACH. Meanwhile, it is better for the periodic traffic for better resource reservation and scheduling information determination. For reduced capability devices such as industrial sensors and surveillance camera, the traffic situation and deployment scenario are quite similar to the typical usage case of scheduling without PDCCH in MTC/NB-IoT. For example, for the video surveillances, the deployment locations are fixed and they would upload the information periodically. Hence, considering this situation, scheduling without PDCCH in both connected mode and idle mode should be considered. 
Proposal 2: Consider scheduling without PDCCH in both connected mode and idle mode
For reduced capability UEs, as analysed in our companion contribution [3], there is about 7 dB coverage loss if the number of Rx is reduced from 4 to 1 and then some coverage recovery solutions such as time domain repetitions will be performed on PDCCH. Hence, reducing the PDCCH monitoring in the repetition case should be investigated as well. 
Solutions to reducing the number of repetitions is good for the power saving. One option is to reduce the size of DCI. By reducing the DCI size, the coding rate of one PDCCH becomes lower and then the required number of PDCCH repetitions decreases accordingly. As for the exact way to compress the DCI size, directly compress certain information field such as the resource allocation, MCS selection can be compressed by considering the traffic features of the Redcaps. In addition, utilizing some joint encoding of information field can also be considered. 
When the gNB send the PDCCH with certain repetitions, it is possible that UEs could successfully decode the PDCCH before the end of repetitions. In this case, certain PDCCH early termination mechanisms should be supported to allow the UE skip the remaining repetitions and have a micro sleep for power saving. For example, an indicator of repetition number is included in DCI, then UE could figure out when to wake up to transmit or receive the scheduled data. 

When the repetition is supported in PDCCH, then the PDCCH blind decoding is not only related to the hypothesis on the aggregation level and corresponding PDCCH locations but also related to hypothesis on the number of repetitions.  On the UE side, UE need to combine different number of repetitions with different assumption on the aggregation level and PDCCH candidate locations. As for the mapping relationship between the candidate number of repetitions and the aggregation level and corresponding PDCCH candidate locations, there are two alternatives. 
· Alternative 1: For different number of repetitions, they are mapped with the same set of aggregation level and PDCCH candidate locations. As shown in the example in Table. 1, UEs are configured with repetitions of 1,2,4,8. For all the repetitions, UEs have to perform the blind decoding with the assumption of aggregation level 4,8,16 on corresponding PDCCH locations. Then, the maximum total number of blind decoding is 16. 
· Alternative 2: For different number of repetitions, they are mapped with different set of aggregation level and PDCCH candidate locations. As shown in the example in Table. 2, UEs are configured with repetitions of 1,2,4,8. But different number of repetitions are mapped with different set of aggregation level and PDCCH candidate locations. For example, when UE assume the number of repetitions is 1, then UEs perform the blind decoding with the assumption of 4,8,16, while when UE assume the number of repetitions is 8, then UE just only perform the blind decoding with the assumption of aggregation level 16. The maximum total number of blind decodings is 8. 
Table 1 Example of Alternative 1
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1 4 2

8 1

16 1

2 4 2

8 1

16 1

4 4 2

8 1

16 1

8 4 2

8 1

16 1


Table 2 Example of alternative 2
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1 4 2

8 1

16 1

2 4 --

8 1

16 1

4 4 --

8 --

16 1

8 4 --

8 --

16 1


Alternative 1 may outperform alternative 2 from the perspective of simple configuration. However, with the increasing number of repetitions, the possibility of use lower aggregation less decreases, then there is no real need to configure the same set of aggregation level for all the candidate repetition numbers. Thus, from our perspective, alternative 2 is preferable from the perspective of reduced number of blind decoding and the feasibility. 
When multiple repetitions are configured, it is highly possible that multiple repetitions would be spreaded across more than one slots. According to current search space configuration, in each slot, the symbol for the PDCCH repetition is the same. For example, in each slot, the PDCCH repetitions are all located at the beginning of slot. During the reception of two adjacent PDCCH, Redcap devices may have a short micro sleep. After the reception of the PDCCH, the Redcap devices could switch off some RF component and before the start of certain PDCCH reception, the redcap devices could switch on this RF component. The switch of these RF components would take some time and consume some power. To avoid frequency RF switch, we propose the following search space configuration for consecutive slots PDCCH transmission should be taken into consideration, i.e., the search spaces for PDCCH transmitted in adjacent slots can be configured in consecutive symbols, as demonstrated in Fig.2.
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Figure 2 Example of search spaces configuration in consecutive slots

The above design for search space configuration can enable redcap UE to maintain a long micro-sleep time, and can make the RF chains of redcap UE don’t need frequently switch anymore, which can effectively reduce power consumption of redcap UE. In addition, in order to improve the accuracy of channel estimation, the adjacent two DCIs can be jointly demodulation by using DMRS configured in consecutive symbols. 
Proposal 3: Investigate the following solutions for the reduction of PDCCH monitoring in the case of coverage recovery
· Compact DCI
· Early termination

· Asymmetric mapping relationship among number of repetitions, aggregation level and number of PDCCH candidate location
· Configuring search spaces in consecutive symbols across two adjacent slots 
3 Conclusion
In this contribution, we discuss the potential solutions for the PDCCH monitoring reduction. Based on the discussion, our views are summarized as follows
Proposal 1: Consider the multi-TB scheduling for reduced capability devices 

Proposal 2: Consider scheduling without PDCCH in both connected mode and idle mode
Proposal 3: Investigate the following solutions for the reduction of PDCCH monitoring in the case of coverage recovery

· Compact DCI

· Early termination

· Asymmetric mapping relationship among number of repetitions, aggregation level and number of PDCCH candidate location
· Configuring search spaces in consecutive symbols across two adjacent slots
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