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1 Introduction
In the study on support of reduced capability NR devices, the reduced PDCCH monitoring schemes will be under investigation on the power saving benefit.
In this contribution, we continue analysis on reduced PDCCH capacity, monitoring and other related processing.
2 Schemes for reducing PDCCH processing complexity
In the last meeting, the PDCCH processing complexity reduction was discussed based on top of the current NR processing capability framework, e.g. the number of blind decodes and CCEs. How and which processing capability to be reduced was discussed.
In the current stage of the reduced NR UE capabilities, the starting point should be same carrier scheduling with same numerologies. The following analysis is based on that.

2.1 Reduction of BDs

The number of blind decodes was introduced since LTE. In NR, Number of Blind Decodes are extended defined for different SCS. The 
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 for a DL BWP per SCS configuration for per slot operation is defined as well.

· 44 BDs for SCS = 15kHz

· 36 BDs for SCS = 30kHz

· 22 BDs for SCS = 60kHz
· 20 BDs for SCS = 120kHz
In general, the parameter was targeting mainly to eMBB services, even they are decreased with higher SCSs. The services were defined for higher throughput and lower latency. In LTE, the MTC type of UE was introduced with much smaller number of BDs in Rel-13 MTC enhancement. The total number of BD trials for USS in a subframe is 16 or less. Total number of BD trials for CSS for fallback and 3/3A in a subframe is 4 or less.
In last meeting, it was agreed in the evaluation template that the power saving gain of approximately 25% reduction of BDs and approximately 50% reduction of BDs will be evaluated under different configuration:
1. 1RX and 2RX with updated power model for RedCap devices

2. Instant message traffic model, heartbeat traffic model, VoIP traffic model
Under the updated power model, the power saving gain can be observed since the Reduced BD can follow the model of scaling in [2].
For power scaling for PDCCH candidate reduction (for same slot scheduling only):


P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt

-
where α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0). Pt is the PDCCH-only power for same-slot scheduling.

The reduction of BD is up to 50%, this does not trigger the newly agreed rules. The power saving gain should be significant by the scaling.  

Thus, RedCap UE should adopt the BD reduction schemes for power saving purpose. The Reduced number and ratio can be further based on the summarized evaluation results.

Proposal 1: RAN1 adopt reduced number of blind decodes for RedCap UE capability to reduce power consumption and UE complexity.
The number of reduced blind decodes is correlated with SCS.

2.2 Reduction of CCEs
In NR, the PDCCH design is different to LTE. Since the UE-specific DMRS is the baseline RS for NR PDCCH, the demodulation complexity is highly depending on the amount of resource of PDCCH for a UE attempt to demodulate. The CCE limit is introduced to define that UE processing capability. 
The Rel-15 NR did not introduce UE capabilities with different values of CCE. This is also due to the targeting services is mainly eMBB.
The supported channel estimation capability is also depending on SCS. The [image: image2.wmf]m
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 was introduce to indicate a value for each SCS in every slot. 
· 56 CCEs for SCS = 15kHz and 30kHz

· 48 CCEs for SCS = 60kHz

· 32 CCEs for SCS = 120kHz

Due to lack of evaluation methodologies, scaling model for CCE was missing in the power saving evaluation assumption. In the last meeting and the follow-up email discussion, CCE reduction is not agreed in the evaluation template. We can firstly evaluate for BDs in that ordering manner. However, we should also introduce CCE reduction under the condition if BDs reduction was introduced in the end.
The first motivation for introducing this is the CCE limitation in Rel-15 is for the eMBB as for number of BDs. They are all reduced with the SCS increasing. It would be then wasteful for not reduce accordingly with number of BDs. The less BD would make even unused CCE, if number of CCE were unchanged. Further, the reduced CCEs will also help for lower UE complexity.

Proposal 2: RAN1 adopt reduced number of CCEs for RedCap UE capability, if the number of blind decodes is reduced in the UE capability.

The number of CCEs is also correlated with SCS.

2.3 Other schemes for reduced PDCCH monitoring

In the SID, the scope of reduced PDCCH monitoring is clearly stated as:

Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 

· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
In another words, the applicable technique for RedCap in RAN1 would be smaller numbers of blind decodes and CCE limits. Considering the power consumption for PDCCH monitoring aspects is fully controlled by gNB, we do not need to evaluate the configuration schemes in RedCap function of reduced PDCCH monitoring for power efficiency. 
There was proposals in the last meeting to consider in the SID with: Dynamically signalling schemes of power saving schemes, reduced number of CORESET and others. However, those schemes seems is not following the SID description. For dynamically signalling schemes, the Power Saving WID will be more proper to study. To also save duplicated efforts, the dynamic signalling schemes of power saving should be undertaken in the Power Saving WID. 

Proposal 3: RAN1 evaluate the dynamic signalling schemes for power efficiency in Power Saving WID.

The RedCap simulation assumption can be used in the Power Saving WID.
3 Relaxed UE processing time and capability
In NR reduced capability UE, several use cases are identified: Industrial wireless sensors, Video Surveillance and Wearables. The performance requirements are much lower than NR eMBB:
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.

· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).

For capacity, the data throughput is up to 150 Mbps in DL and 50 Mbps in UL. For the latency, the 99%-99.99% should be well covered by NR. The latency requirement is generally 100ms to 500ms. Some critical services could require 5 ms.
The requirements show that the NR reduced capability is much lower than the baseline eMBB devices. The eMBB devices’ capability should be reduced accordingly to match the requirements. The capability could be reflected by UE processing capability in the overall transmission and reception.
One of the component of UE processing capability is the PDCCH processing. As listed about, it includes the number of CCEs and BD for a UE can process.
Another component of UE component of UE processing capability is the data processing. For DL, it may be determined by the maximum TB sizes for UE to receive per slot. For UL, it means maximum TB size can be transmitted by UE. As it been agreed that there is not explicit TB size limit, then the limit is come from the modulation order of 64QAM/16QAM.
The number of HARQ processes could be another factor for reducing the UE processing capability. The current NR support up to 16 HARQ processes. Less number of HARQ process also have connection with the smaller UE processing capacities.
Then measurement capability can be also considered as a component of UE processing capability.
4 Methodology for defining the reduced PDCCH processing

To support multiple different capabilities, it can be considered to reduce the capacity separately for each component of UE processing capability. The baseline eMBB processing can be reduced and indicated through UE capability indication. UE can indicate a smaller number of CCE channel estimation per slot. It can also indicate a smaller number of BDs per slot. 

Only for the PDCCH processing point of view, this could be partial solution. For full identification of a reduced capability UEs, other components should also be indicated by UE. Thus, the data processing capabilities should be included. As also given in the scope that requirement for UL and DL data could be different. The HARQ process number could be also be indicated. 
A joint indication of PDCCH processing capability and other processing capability can be considered. Since the NR reduced capability UE is much smaller than baseline eMBB UE, time domain grouping of capability could be considered. 
For PDCCH processing, data processing and others can be combined in time, which can result in less number of HARQ process number. UE support maximum 8 HARQ process, can then have the same number of CCEs and BD’s in every 2 slots. UE support maximum 4 HARQ process, can then have the same number of CCEs and BD’s in every 4 slots. The TB size could be same but the time span can be extended to the number of slots.
Proposal 4: The RAN1 should study method for combining the PDCCH processing capabilities to indicate reduced UE processing capability considering:

Different UL/DL data throughput or implicitly determined TB sizes.

Possible number of supportable HARQ process number.

Other factors including measurement capability. 

In the meantime, relaxing of PDCCH decoding speed can be included in the capability, e.g. forms of cross-slot scheduling if the HARQ process number reduced.
5 Capability for HARQ processing time

The capability for HARQ processing time was split down to N1, which is the time from receiving the PUSCH to the transmitting the ACK/NACK, and, N2, which is the time from receiving the DCI of UL grant to the transmitting the PUSCH based on that grant. If low capability UE introduced, the N1/N2 would be further reduced to another capability. 
In RAN1#102-e meeting, RAN1 has agreed that:

Agreements:

· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

In the reduced UE processing capability, the N1/N2 will be highly related to the reduced PDCCH monitoring capability. Thus, the N1/N2 processing can be one of the relaxed component and can be bound to reduce PDCCH monitoring capability.
Proposal 5: The N1/N2 processing capability and reduced PDCCH monitoring capability can be components of the total UE processing capability.
6 Conclusion

In this contribution, we discussed on reduced PDCCH capacity and monitoring. We also consider PDCCH with the overall reduction of UE processing capacities. In summary for continuing study, we propose:
Proposal 1: RAN1 adopt reduced number of blind decodes for RedCap UE capability to reduce power consumption and UE complexity.

The number of reduced blind decodes is correlated with SCS.

Proposal 2: RAN1 adopt reduced number of CCEs for RedCap UE capability, if the number of blind decodes is reduced in the UE capability.

The number of CCEs is also correlated with SCS.

Proposal 3: RAN1 evaluate the dynamic signalling schemes for power efficiency in Power Saving WID.

The RedCap simulation assumption can be used in the Power Saving WID.
Proposal 4: The RAN1 should study method for combining the PDCCH processing capabilities to indicate reduced UE processing capability considering:

Different UL/DL data throughput or implicitly determined TB sizes.

Possible number of supportable HARQ process number.

Other factors including measurement capability. 

Proposal 5: The N1/N2 processing capability and reduced PDCCH monitoring capability can be components of the total UE processing capability.
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