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Introduction
[bookmark: _Hlk120639629]The PDCCH skipping interaction with HARQ was discussed in Rel-17 UE power saving enhancement, Rel-18 XR, and Rel-18 TEI [1] in RAN1. The proposal of XR enhancement with PDCCH skipping with resuming PDCCH monitoring when NACK sent was proposed and discussed in RAN#98e and RAN#99 to upscale the XR WID in including the proposed UE power saving scheme for XR. From the conclusion in RAN#99, the proposed scheme would be discussed in RAN1 with possible agreement in CR without upscale the objectives of XR WID.  In this paper, we provide evaluation results for the PDCCH skipping interaction with HARQ scheme [1] and enhanced PDCCH skipping schemes [2]. The detailed simulation assumptions are listed in Appendix.

Discussion
In RAN1#112bis, draft CR of PDCCH skipping scheme with resuming PDCCH monitoring after NACK retransmission was discussed without consensus.   The proposed scheme was discussed in RAN1#113 with two draft CRs without agreement on either of the draft CRs.  The text proposals of draft CR is UE resumes the PDCCH monitoring and cancel any indicated PDCCH skipping when UE is indicated to skip PDCCH monitoring and NACK is transmitted by the UE.  An RRC configuration parameter [PdcchMornitoringResumptionAfterNack] to enable/disable this feature and a corresponding UE behaviour can also be added to TS 38.331 to control whether the UE shall operate this feature.   
The text proposal TP-A is to have this feature activated by RRC configuration for all skipping duration.   The PDCCH skipping with resuming PDCCH monitoring after NACK is to minimize the latency of XR packet delivery to provide the power saving when the long skipping interval is indicated.    UE will resume the PDCCH skipping after receiving the last XR packet within the XR stream cycle.   If the PDCCH skipping interval is small, UE can wait for the next PDCCH monitoring occasion for the DL grant of retransmission when NACK is sent.  Thus, the text proposal TP-C is to have the UE resumed PDCCH monitoring after NACK only when the skipping interval is longer than the additional configured threshold value [PdcchSkippingTheshold],  This will ensure that UE will only resume PDCCH monitoring after NACK when the indicated skipping interval is longer than the configured threshold.   

	TP-A:
10.4	Search space set group switching and skipping of PDCCH monitoring
*** Unchanged text is omitted ***
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR before the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE shall monitor PDCCH regardless of PDCCH skipping indication on all serving cells of the corresponding Cell Group when the SR is pending [11, TS 38.321]. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission in all serving cells of the corresponding Cell Group. When the UE is configured with [PdcchMornitoringResumptionAfterNack], after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a serving cell, if the UE transmits a PUCCH or a PUSCH providing a NACK value due to incorrectly decoding a PDSCH scheduled by a DCI format received from the serving cell, the UE terminates PDCCH skipping, starting from the beginning of a first slot that is after a last symbol of the PUCCH or PUSCH transmission in the serving cell. During the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running, the UE shall not skip PDCCH monitoring on SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a SpCell, when contention resolution is successful [11, TS 38.321], the UE resumes PDCCH monitoring on the SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a serving cell, when a pending SR is cancelled [11, TS 38.321], the UE resumes PDCCH monitoring in all serving cells of the corresponding Cell Group. If UE transmits a RACH due to positive SR, the UE shall not skip PDCCH monitoring on any serving cell of the corresponding Cell Group during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running. If the DRX group of the serving cell is configured and enters outside Active Time, the UE terminates PDCCH skipping for the serving cell.
*** Unchanged text is omitted ***



	TP-C:
10.4	Search space set group switching and skipping of PDCCH monitoring
*** Unchanged text is omitted ***
[bookmark: _Hlk136331212][bookmark: _Hlk136324557][bookmark: _Hlk136331317]When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR before the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE shall monitor PDCCH regardless of PDCCH skipping indication on all serving cells of the corresponding Cell Group when the SR is pending [11, TS 38.321]. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission in all serving cells of the corresponding Cell Group. When the UE is configured with [PdcchMornitoringResumptionAfterNack] and the skipping duration threshold [PdcchSkippingTheshold], after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration larger than the configured threshold [PdcchSkippingThreshold] on the active DL BWP of a serving cell, if the UE transmits a PUCCH or a PUSCH providing a NACK value due to incorrectly decoding a PDSCH scheduled by a DCI format received from the serving cell, the UE terminates PDCCH skipping, starting from the beginning of a first slot that is after a last symbol of the PUCCH or PUSCH transmission in the serving cell. During the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running, the UE shall not skip PDCCH monitoring on SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a SpCell, when contention resolution is successful [11, TS 38.321], the UE resumes PDCCH monitoring on the SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a serving cell, when a pending SR is cancelled [11, TS 38.321], the UE resumes PDCCH monitoring in all serving cells of the corresponding Cell Group. If UE transmits a RACH due to positive SR, the UE shall not skip PDCCH monitoring on any serving cell of the corresponding Cell Group during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running. If the DRX group of the serving cell is configured and enters outside Active Time, the UE terminates PDCCH skipping for the serving cell.
*** Unchanged text is omitted ***
	


[bookmark: _GoBack]
We have provided the evaluation of the different PDCCH skipping schemes comparing with the baseline scheme without PDCCH skipping.  The proposed PDCCH skipping enhancement scheme 1 is the Rel-17 PDCCH skipping with resuming PDCCH monitoring after NACK.  The PDCCH skipping interval of 3 slots, 16 slots and mixed 3/16 slots are evaluated for the proposed PDCCH skipping enhancement scheme 1.  The mixed skipping duration of 3 and 16 slots are evaluated with the UE still consuming the PDCCH monitoring after NACK only when the skipping interval is indicated 16 slots and UE will remains in skipping PDCCH monitoring when the skipping interval is 3 slots.   The PDCCH skipping scheme 2 is the exiting Rel-17 PDCCH skipping scheme along with Rel-15 MAC go-to-sleep signaling in [2] to provide UE power saving for XR would skip the indicated PDCCH interval until the DCI is successfully decoded at the time of packet arrival. When the XR packet transmission is completed, the MAC CE can terminate the drx-onDuartion Timer and drx-Inactivity Timer as the go-to-sleep signaling to allow UE fast transition to the sleep state after correct decoding the last XR packet within the cycle.
The two PDCCH skipping schemes for XR UE power saving are summarized in Table 1.
[bookmark: _Ref131596181]Table 1:  PDCCH skipping enhancement schemes
	Schemes
	Procedure

	Baseline 1：Always-on PDCCH monitoring with C-DRX [16 12 4]
	PDCCH monitoring is based on the configured PDCCH monitoring cycle of the search space with C-DRX[16 12 4]

	PDCCH skipping enhancement scheme 1 with C-DRX [16 12 4]
(Rel-17 PDCCH skipping with resuming PDCCH monitoring when NACK)
	UE is indicated by scheduling DCI to skip an interval of PDCCH monitoring and whether to resume PDCCH monitoring after sending NACK.  The evaluation of scheme1 includes the PDCCH monitoring resumption after sending NACK with 3 and 16 slots interval and conditional PDCCH monitoring resumption after send NACK with 16 slots only

	PDCCH skipping enhancement scheme 2 with C-DRX[16 12 4]
(PDCCH skipping and dynamic go-to-sleep indication  by MAC CE)
	UE can be indicated by DCI to skip an interval. When the XR packet transmission is completed, the MAC control can terminate the drx-onDuartion Timer and drx-Inactivity Timer as the go-to-sleep signaling to allow UE fast transition to the sleep state after correct decoding the last XR packet within the XR frame cycle.



Table 2 shows the evaluation results of the enhanced PDCCH skipping schemes 1 and 2 for XR UE power saving compared to the always-on PDCCH monitoring without skipping during C-DRX active time. We can observe that PDCCH skipping with go-to-sleep MAC CE indication can achieve 29.4% power saving gain with negligible capacity degradation compared with that of always-on PDCCH monitoring during C-DRX active time. UE can be indicated by scheduling DCI to skip short interval, e.g., 3 slots, of PDCCH monitoring when the XR packets arrive later than the beginning of C-DRX active time and interarrival gap between XR packets caused by network delay jitter during the C-DRX active time. When the XR packet transmission is completed, the MAC CE can terminate the drx-onDuartion Timer and drx-Inactivity Timer as the go-to-sleep signaling to allow UE fast transition to the sleep state after correct decoding the last XR packet within the cycle. It can save obvious power consumption before XR packet arrival and after XR packet completed transmission, but hardly introduce additional latency for the packet delivery.
For PDCCH skipping scheme 1, PDCCH skipping with resuming PDCCH monitoring after NACK with short skipping interval of 3 slots can hardly provide any power saving with 7.1% power saving gain over that of always-on PDCCH monitoring. In this case, the power consumption for PDCCH monitoring before XR packet arrival cannot be indicated with scheduling DCI since no XR packet is in the buffer. Although the longer PDCCH skipping interval of 16 slots could  provide similar or slightly higher UE power saving with 31.5% power saving gain comparing to that of PDCCH skipping scheme 1 with MAC-CE based go-to-sleep signaling,  the XR capacity performance suffer significant loss with roughly 50% capacity degradation. The long PDCCH skipping interval will have the results of packet loss due to exceeding the XR delay budget with a large latency caused by large PDCCH skipping interval.  From SA2 reply LS to RAN1 on XR and Media Services in R1-2210826 in [3], the XR packets contain one or more PDU sets in a period of time. The gNB might need to wait for some PDU sets to arrive with PDCCH skipping. The PDCCH skipping with resuming PDCCH monitoring after NACK transmission will have the results of power saving performance degradation with short skipping duration or degrading the capacity performance severely with long skipping duration.  
[bookmark: _Hlk136330576]For PDCCH skipping scheme 1 with mixed 3 and 16 slots skipping intervals in Table 2, UE would not resume PDCCH monitoring after NACK if the skipping interval is 3 slots and would resume PDCCH monitoring after NACK if the indicated skipping interval is 16 slots, which is adequate for the last XR packets.   The PDCCH skipping scheme 1 with mixed skipping intervals of 3 and 16 slots provide the similar system capacity and appropriate power saving gain of 18.8% comparing to always-on PDCCH monitoring with C-DRX comparing to those of PDCCH skipping scheme 1 with long or short skipping intervals 16 and 3 slots respectively.   The UE power saving gain of PDCCH skipping enhancement scheme 1 with mixed skipping interval of 3 and 16 slots does not provide the power saving gain as that of PDCCH skipping enhancement scheme 2 because the additional power consumption of resuming PDCCH monitoring after NACK while the MAC CE go-to-sleep signaling does not require additional PDCCH monitoring after NACK.  Thus, PDCCH skipping enhancement scheme 1 with resuming PDCCH monitoring after NACK with or without mixed skipping interval does NOT provide additional benefit of UE power saving and system capacity for XR comparing to the existing PDCCH skipping enhancement scheme 2 with Rel-15 MAC-CE control go-to-sleep signaling.  However, the only useful scenario of achieving XR UE power saving gain of PDCCH skipping scheme 1 with resuming PDCCH monitoring after NACK comparing to PDCCH skipping scheme 2 is when C-DRX is not configured and MAC CE go-to-sleep signaling is not available.  The mixed long and short skipping interval of PDCCH skipping with the threshold controlling whether UE would resume PDCCH monitoring after NACK would provide the adequate XR UE power saving gain and similar system capacity.   
[bookmark: _Hlk136331438][bookmark: _Hlk136331415]Observation 1: PDCCH skipping enhancement scheme 1 with resuming PDCCH monitoring after NACK with or without mixed skipping interval does NOT provide additional benefit of UE power saving and system capacity for XR comparing to the existing PDCCH skipping enhancement scheme 2 with Rel-15 MAC-CE control go-to-sleep signaling.  

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Hlk131623447][bookmark: _Hlk136331693]Proposal 1: Way forward on the PDCCH skipping scheme with resuming PDCCH monitoring after NACK.  
· PDCCH skipping scheme 1 with resuming PDCCH monitoring after NACK does not provide additional benefit of XR UE power saving gain comparing to existing PDCCH skipping scheme 2 with MAC-CE go-to-sleep signaling when C-DRX is configured and should not be supported if C-DRX is configured for XR. 
· [bookmark: _Hlk136332107]If the PDCCH skipping scheme with resuming PDCCH monitoring after NACK is supported, the specification should be supported only when C-DRX is not configured and allow the configured RRC parameters of activation [PdcchMornitoringResumptionAfterNack] and whether to resume PDCCH monitoring based on the configured threshold of the skipping interval [PdcchSkippingThreshold] with the proposed TP3.

[bookmark: _Ref131667973]Table 2: Evaluation results of PDCCH skipping enhancement schemes compared to always-on
	Schemes
	Mean PSG compared to always-on
	#satisfied UEs per cell / #UEs per cell

	Baseline: Always-on PDCCH monitoring
	-
	11.5/12

	PDCCH skipping enhancement scheme 1Note1
	7.1%
	10.8/12

	PDCCH skipping enhancement scheme 1Note2
	31.5%
	5.4/12

	PDCCH skipping enhancement scheme 1Note3
	18.8%
	10.3/12

	PDCCH skipping enhancement scheme 2Note1     
	29.4%
	10.7/12

	Note1: Skipping duration  = 3 slots (1.5ms);
Note2: Skipping duration  = 16 slots (8ms);
Note3: Mixed Skipping duration = 
· 3 slots (indicated before the last  packet within XR frame period ) without  resuming PDCCH monitoring after sending NACK
· 8 slots (indicated at the last packet of the XR  frame period) with  resuming PDCCH monitoring after sending NACK




3 Conclusion 
We have discussed and shown the evaluation results of UE power saving gain and system capacity of the proposed PDCCH skipping enhancement scheme for XR with resuming PDCCH monitoring after NACK comparing to the always-ON PDCCH monitoring and Rel-17 PDCCH skipping with MAC CE go-to-sleep signaling during C-DRX active time.   We have the following observation.
· Observation 1: PDCCH skipping enhancement scheme 1 with resuming PDCCH monitoring after NACK with or without mixed skipping interval does NOT provide additional benefit of UE power saving and system capacity for XR comparing to the existing PDCCH skipping enhancement scheme 2 with Rel-15 MAC-CE control go-to-sleep signaling.  
We also have the way forward proposal in handling the proposed PDCCH scheme with resuming PDCCH monitoring after NACK as follows,
· Proposal 1: Way forward on the PDCCH skipping scheme with resuming PDCCH monitoring after NACK.  
· PDCCH skipping scheme 1 with resuming PDCCH monitoring after NACK does not provide additional benefit of XR UE power saving gain comparing to existing PDCCH skipping scheme 2 with MAC-CE go-to-sleep signaling when C-DRX is configured and should not be supported if C-DRX is configured for XR. 
· If the PDCCH skipping scheme with resuming PDCCH monitoring after NACK is supported, the specification should be supported only when C-DRX is NOT configured and allow the configured RRC parameters of activation [PdcchMornitoringResumptionAfterNack] and whether to resume PDCCH monitoring based on the configured threshold of the skipping interval [PdcchSkippingThreshold] with the proposed TP3 below.

	10.4	Search space set group switching and skipping of PDCCH monitoring
*** Unchanged text is omitted ***
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR before the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE shall monitor PDCCH regardless of PDCCH skipping indication on all serving cells of the corresponding Cell Group when the SR is pending [11, TS 38.321]. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission in all serving cells of the corresponding Cell Group. When the UE is configured with [PdcchMornitoringResumptionAfterNack] and the skipping duration threshold [PdcchSkippingTheshold], after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration larger than the configured threshold [PdcchSkippingThreshold] on the active DL BWP of a serving cell, if the UE transmits a PUCCH or a PUSCH providing a NACK value due to incorrectly decoding a PDSCH scheduled by a DCI format received from the serving cell, the UE terminates PDCCH skipping, starting from the beginning of a first slot that is after a last symbol of the PUCCH or PUSCH transmission in the serving cell. During the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running, the UE shall not skip PDCCH monitoring on SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a SpCell, when contention resolution is successful [11, TS 38.321], the UE resumes PDCCH monitoring on the SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a serving cell, when a pending SR is cancelled [11, TS 38.321], the UE resumes PDCCH monitoring in all serving cells of the corresponding Cell Group. If UE transmits a RACH due to positive SR, the UE shall not skip PDCCH monitoring on any serving cell of the corresponding Cell Group during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running. If the DRX group of the serving cell is configured and enters outside Active Time, the UE terminates PDCCH skipping for the serving cell.
*** Unchanged text is omitted ***
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4 Appendix
The simulation assumptions of Indoor Hotspot are shown in Table 3.
[bookmark: _Ref131596240]Table 3: Simulation parameters of Indoor Hotspot
	Scenario
	Indoor Hotspot

	Layout
	120m x 50m
ISD: 20m 
TRP numbers: 12

	Carrier frequency
	FR1:4GHz

	Bandwidth
	FR1:100MHz

	Subcarrier spacing
	FR1: 30 kHz

	BS height
	3m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB

	UE noise figure
	FR1: 9 dB

	Receiver
	MMSE-IRC

	UE speed
	3 km/h

	Channel estimation
	Realistic

	MCS
	Up to 64QAM

	BS antenna pattern
	Ceiling-mount antenna radiation pattern, 5 dBi

	UE antenna pattern
	FR1: Omni-directional, 0 dBi,

	TX power 
	gNB: FR1: 24dBm/20MHz

	gNB antenna configuration 
	gNB:
· FR1:32TxRU, (M,N,P,Mg,Ng; Mp,Np)=(4,4,2,1,1;4,4), (dH, dV) = (0.5, 0.5)λ

	UE antenna configuration
	UE: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	TDD configuration
	DDDSU for DL 

	MIMO transmission
	MU-MIMO for DL 

	Scheduling 
	PF, Dynamic scheduling
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