
3GPP TSG RAN WG1 #112		           R1- 2300484
Athens, Greece, February 27th – March 3rd, 2023
                      

Source:	vivo
[bookmark: Title]Title:                     Rel-18 TEI proposals
[bookmark: Source]Agenda Item:	9.17
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Two Rel-18 TEI proposals are included in this contribution, TEI proposal#1 in section 2 is supported vivo, Ericsson, MediaTek, Google, [China Telecom] and TEI proposal#2 in section 3 is supported by vivo, CMCC, Ericsson. Discussion on the relevant issues and potential spec impacts are provided in relevant sections below.

2. TEI proposal#1 (PDCCH skipping)
[bookmark: _Hlk127519505][bookmark: _Hlk127519460]Supporting companies: vivo, Ericsson, MediaTek, Google, [China Telecom]

2.1. PDCCH skipping with DL HARQ retransmission
To ensure the reliable transmission, network needs to be able to schedule HARQ retransmission if the initial transmission fails. However, according to the latest TS 38.213 quoted as below, when PDCCH skipping is enabled, the PDCCH skipping indication is applied by the UE immediately after the indicated scheduling PDCCH reception, without considering the potential scheduling for retransmission due to the failure of initial transmission. Stated plainly, the current specification does not support PDCCH skipping interacting with HARQ retransmission. 
	TS 38.213 V17.4.0 (2022-12)
*** Unchanged text is omitted ***
[bookmark: _Hlk126758090]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.
*** Unchanged text is omitted ***



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It has been argued during R18 XR SI discussion that several gNB implementation based solutions (as in Appendix A-1) could be used to alleviate the above mentioned issue for current PDCCH skipping design. however, as have evaluated (shown in Appendix A-2), these existing gNB implementation solutions will either cause severe system capacity issue (impossible for timely retransmission), or excessive UE power consumption. Given that, the current PDCCH skipping feature is difficult for gNB to apply, especially for XR services with stringent latency and reliability requirement. 


[bookmark: _Ref127178549]Figure 112. Example of PDCCH monitoring resuming for DL HARQ retransmission in case of PDCCH skipping 
Based on the above analysis, for both data transmission robustness and UE power saving, it is desirable to enhance PDCCH skipping by interacting with HARQ retransmission. 
For DL HARQ retransmission, in order to compensate for the lack of retransmission consideration in the existing PDCCH skipping design, the proposed enhancement is illustrated as shown in Figure 1. The PDCCH skipping indication is indicated by a scheduling DCI that schedules the initial transmission of the last packet of a DL traffic burst. If there is a NACK for the received PDSCH, UE is supposed to resume PDCCH monitoring for HARQ retransmission. When DRX is configured, if UE would resume PDCCH monitoring due to NACK transmission and drx-HARQ-RTT-TimerDL is still running, UE does not monitor PDCCH until drx-RetransmissionTimerDL starts. 
In this case, network can perform retransmission for the UE if the initial transmission for the UE failed. There is good trade-off between UE power consumption and capacity performance. In addition, DCI based PDCCH skipping indication has less delay than MAC based termination of PDCCH monitoring within DRX active time. Simulation results show that the proposed method can achieve higher power saving gains that the existing methods. More details can be found in the Appendix A-2.
Based on the above discussion, we have the following proposal.
Proposal 1:  Upon detecting a DCI indicating PDCCH skipping, UE resumes PDCCH monitoring if the UE transmits NACK after the PDCCH skipping starts.

[bookmark: _Hlk127519482]For information, below table shows the potential spec impact to 38.213. 
	-------------------TP for 38.213---------------------
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, or a PUCCH or a PUSCH providing a NACK value 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, as described in [11, TS 38.321],  starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission. 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. 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 ***




3. TEI proposal#2 (PUSCH antenna switching)
Supporting companies: vivo, CMCC, Ericsson

Background
Current NR spec supports flexible configuration of SRS resources for different purposes with usage defined as for codebook, for antenna switching etc. However, the SRS resources for different usages are configured independently and not shared. SRS resources with usage for codebook are for PUSCH transmission, while SRS resources with usage antenna switching are for PDSCH transmission (channel reciprocity, TDD). Depending on UE capability SRS for antenna switching can be configured with 1T2R, 1T4R, 2T4R etc. 
gNB can configure a UE with SRS for codebook and SRS antenna switching independently, simultaneously. In the following examples, it can be noticed that PUSCH antenna switching is supported in some of the scenarios.
· example 1, a UE can be configured with same two 1/2-port SRS resources for codebook and two 1/2-port SRS resources for 1T2R or 2T4R
· PUSCH antenna switching is supported  
· example 2, a UE can be configured with four 1-port SRS resources for 1T4R, however configuration of four SRS resources is not supported for CB except UL full power mode 2
· PUSCH antenna switching is partially supported
· example 3, a UE can be configured with one 2-port SRS resource for codebook (ID 0) and two 2-port SRS resources (ID 0, ID 1) for 2T4R antenna switching.
· PUSCH antenna switching is not supported.
· example 4, in FDD, SRS antenna switching may not be supported/configured, however two (four) SRS resources for CB can be configured
· Antenna switching for SRS and hence PUSCH is partially possible 

Discussion
Currently, antenna selection for PUSCH is UE implementation, and partially supported in spec by configuring multiple SRS resources for CB. UE implementation could vary significantly and may not be very dynamic. Network doesn’t know when and how PUSCH antenna switching is implemented at the UE which may lead to degraded network implementation. Network controlling TX antenna can improve antenna selection mechanism, dynamically selecting best antenna for SRS and PUSCH transmission, improving overall system performance. 
Figure 2 shows evaluation results, the UE is equipped with 1Tx chain but 4 antennas, PUSCH antenna is switched from the antenna which is completely blocked (index 1) to another antenna which not blocked. Blocking occurs at dashed vertical line and reaction time means the time delay in switching to best antenna (not blocked) after the blocking occurs. The reaction time is the time period required for UE switching to better antenna by implementation. If the UE can instantly switch to better antenna (0ms reaction time), then the UE switches to better antenna for SRS transmission and the following PUSCH transmission. For example, for 80ms (or longer) reaction time, after antenna blocking happens (at dashed line 30ms), the UE takes 80ms to switch to better antenna, during this period the UE uses blocked antenna for SRS and the following PUSCH transmission.  In this evaluation, only 1 SRS resource is assumed for CB based transmission. It can be noticed that longer the delay (reaction time) in PUSCH antenna switching performance gets worse. 

[image: ]
Figure 2 Impact of PUSCH antenna switching delay on performance

[bookmark: _GoBack]From above discussion and evaluation results, following observations can be made 
· It is beneficial to support spec based PUSCH antenna switching
· If SRS for antenna switching and for codebook share same resources, only minor spec change for 1T4R is needed.
· For FDD, assuming the network doesn’t configure antenna switching SRS for the UE, network can configure two 1/2-port SRS resources
· Some enhancement on SRS configuration is needed, i.e., introduce “gap symbol” between two SRS resource for codebook
· For 1Tx, 4Rx UE, assuming the network doesn’t configure antenna switching SRS for the UE
· To support PUSCH antenna switching, for TDD/FDD, four 1-port SRS resources are needed with gap symbol in between, and SRI is indicated in DCI. 

Proposals and potential spec impact
Based on the motivation and discussion above, it is proposed to support more than 2 SRS resources in a set for usage codebook. It is also proposed to introduced new a UE capability on gap symbol between SRS resources.
[bookmark: _Hlk126936938]Proposal 2:
· Support to configure maximum of 4 SRS resources for codebook based transmission for PUSCH antenna switching
· Introduce following new UE capabilities for PUSCH antenna switching
· Support of max 4 SRS resources in a set for codebook based UL transmission
· With 1 or 2 ports in each resource, and excluding nTnR switching
· Support of gap symbol(s) between SRS resources in a set for usage codebook 
· Number of gap symbol(s) are same as for SRS resources for antenna switching
Below table shows the potential spec impact to 38.214.

	38.214 Section 6.1.1.1 
..
For codebook based transmission, only one SRS resource can be indicated based on the SRI from within the SRS resource set. Except when higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2', tThe maximum number of configured SRS resources for codebook based transmission is 24. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodic SRS resources.





4. Conclusion
It is proposed to agree on the two TEI proposals below.
TEI Proposal 1:  Upon detecting a DCI indicating PDCCH skipping, UE resumes PDCCH monitoring if the UE transmits NACK after the PDCCH skipping starts.
TEI Proposal 2:
· Support to configure maximum of 4 SRS resources for codebook based transmission for PUSCH antenna switching
· Introduce following new UE capabilities for PUSCH antenna switching
· Support of max 4 SRS resources in a set for codebook based UL transmission
· With 1 or 2 ports in each resource, and excluding nTnR switching
· Support of gap symbol(s) between SRS resources in a set for usage codebook 
· Number of gap symbol(s) are same as for SRS resources for antenna switching




Appendix – A: PDCCH skipping enhancement
A-1. Existing implementation based on specification
According to current specification, following behavior for PDCCH skipping is defined as in TS 38.213 and TS 38.321.
	TS 38.213, V17.3.0
10.4	Search space set group switching and skipping of PDCCH monitoring
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 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. 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. If the DRX group of the serving cell is configured and enters outside Active Time, the UE terminates PDCCH skipping for the serving cell.
…

TS 38.321, V17.2.0
5.7	Discontinuous Reception (DRX)
1>	if a DRX Command MAC CE with DCI scrambled with C-RNTI for unicast transmission or a Long DRX Command MAC CE is received:
2>	stop drx-onDurationTimer for each DRX group;
2>	stop drx-InactivityTimer for each DRX group.
…


Based on the specified behavior, following options of implementation can be considered.
a) Option 1: PDCCH skipping indication is indicated by the DCI that schedules the initial PDSCH transmission of the last packet of a DL XR traffic burst and low MCS is used to ensure the reliability of PDSCH transmission.
b) Option 2: PDCCH skipping indication is indicated by the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions for a DL XR traffic burst have been completed.
c) Option 3: MAC CE command to terminate the ongoing DRX inactivity timer is indicated by the PDSCH that carries the last packet of a DL XR traffic burst


Figure A-112. Potential network implementation of PDCCH skipping indication using Rel-17 specification

For option 1, it is implemented for power saving purpose, i.e., if the network indicates a PDCCH skipping, the UE performs PDCCH skipping immediately regardless of whether drx-ReTransmissionTimer is started. In this case, UE will not resume PDCCH monitoring for retransmission during the skipping duration. This will cause capacity for XR service would be greatly impacted due to no retransmission opportunities for the failed packet within the PDB. Although low MCS to ensure the PDSCH transmission scheduled by the DCI indicating PDCCH skipping indication could be used, it will also lead to low resource efficiency.
Observation 1: Network implementation method 1, PDCCH skipping indicated by the DCI scheduling the initial PDSCH transmission of the last packet of a DL XR traffic burst will impact the system capacity.

For option 2, it is implemented for capacity purpose, i.e., the network indicates PDCCH skipping after all the HARQ processes of transmissions have been completed. Since the PDCCH skipping indication can only be transmitted by scheduling DCI, the network, after receiving ACK from the UE, has to schedule a ‘dummy PDSCH’ with the expectation of NACK from the UE. Although the capacity could be guaranteed by this way, plenty of unnecessary PDCCH monitoring will be caused accordingly as well.
Observation 2: Network implementation medhod 2, PDCCH skipping indicated by a DCI scheduling a dummy PDSCH after successful transmission of all HARQ-ACK processes for a DL XR traffic burst will cause additional UE power consumption.

For option 3, MAC CE command to stop the current DRX cycle is indicated by the PDSCH that carries the last packet of a DL XR traffic burst. Since the stop command is carried by MAC CE, UE can only stop PDCCH monitoring for current DRX cycle when the PDSCH carrying the MAC CE is successfully decoded. In addition, an extra delay to process the MAC command is needed at UE, which would introcude unnecessary power consumption within DRX active time.
Observation 3: Network implemtantion medthod 3, MAC command along with the last packet of a DL XR traffic burst to terminate the UE PDCCH monitoring within DRX active time causes additional UE power consumption due to longer processing delay for MAC command.


A-2. Evaluation results 
We conducted performance evaluation for the existing methods and the proposed enhancement scheme. The simulation assumptions are given in Appendix C. In the simulation, the system capacity with 1% and 10% initial BLER are evaluated. And the results of X =95 and X=99 are presented, respectively, where a UE will be declared as the satisfied UE if no less than X% of packets are successfully delivered within a given air interface PDB.
The system level simulation results of existing methods and enhanced PDCCH skipping with HARQ interaction scheme are presented in Figure B-1, Figure B-2 and Figure B-3. 
Following schemes are evaluated.
a) Existing Option 1: PDCCH skipping indication is indicated by the DCI that schedules the initial PDSCH transmission of the last packet of a DL XR traffic burst and low MCS is used to ensure the reliability of PDSCH transmission.
· Note that the network cannot schedule the corresponding retransmission after initial PDSCH transmission of the last DL packet of an XR traffic burst. Therefore, a conservative MCS has to be allocated to minimize the initial BLER and guarantee the successful transmission of data.
b) Existing Option 2: PDCCH skipping indication is indicated by the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions for a DL XR traffic burst have been completed.
c) Existing Option 3: MAC CE command to stop the current DRX cycle is indicated by the PDSCH that carries the last packet of a DL XR traffic burst
d) Enhanced scheme: After PDCCH skipping starts, UE resumes the PDCCH monitoring for corresponding retransmission if there is any NACK feedback during the skipping duration.
[bookmark: _Hlk118281961]It can be seen that from power saving perspective, existing R17 PDCCH skipping with option 1 provides significant power saving gain, and similar power saving gain can be obtained by enhanced PDCCH skipping with HARQ interaction scheme, while PDCCH skipping with “dummy PDSCH” option and MAC CE command to stop the current DRX cycle option perform worst due to unnecessary additional PDCCH monitoring. 
From XR capacity perspective, it can be seen that
· For 10% initial BLER case, PDCCH skipping with “dummy PDSCH”, MAC CE command to stop the current DRX cycle and enhanced PDCCH skipping with HARQ interaction achieve capacity performance close to the “AlwaysOn” scheme, while the capacity of existing PDCCH skipping with option 1 is poor, due to the significant impact for retransmissions.
· For 1% initial BLER case, PDCCH skipping with “dummy PDSCH”, MAC CE command to stop the current DRX cycle and enhanced PDCCH skipping with HARQ interaction still show capacity performance close to the “AlwaysOn” scheme. The capacity performance of existing PDCCH skipping with option 1 is recovered, due to less retransmission events than 10% initial BLER case, when X=95. 
Compared with stopping current DRX cycle by MAC CE option and the two implementations of existing R17 PDCCH skipping scheme, the enhanced PDCCH skipping with HARQ interaction provides a good balance between power saving and capacity. 
From the simulation results, following observations are given.
Observation 4: Compared to AlwaysOn baseline scheme, enhanced PDCCH skipping interaction with HARQ retransmission can achieve about 32% power saving gains without capacity loss.
Observation 5: Compared to existing network implementation option 1, enhanced PDCCH skipping interaction with HARQ retransmission can achieve similar  power saving gains while more than 90% higher satisfied UE ratio, with 99% of packets are successfully delivered within a given air interface PDB.
Observation 6: Compared to existing network implementation option 2, enhanced PDCCH skipping interaction with HARQ retransmission can achieve about 13%  power saving gains with similar capacity performance.
Observation 7: Compared to existing network implementation option3 (MAC CE based DRX termination) enhancement of PDCCH skipping interaction with HARQ retransmission can achieve about 12% power saving gains with similar capacity performance.


[image: ]
Figure B-1. Power saving gain of VR/AR 30Mbps in InH scenario
[image: ]
Figure B-2. System capacity of VR/AR 30Mbps in InH scenario
[image: ]
Figure B-3. System capacity of VR/AR 30Mbps in InH scenario

Table B-1. Results for FR1, MU-MIMO, InH, DL video (60 fps, 30 Mbps, ±4 ms jitter, 10 ms PDB)
	Power Saving Scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	Initial BLER
	UE satisfied if DL packet success rate > X (%)
	avg # UEs/Cell
	% of satisfied UE
	Mean PSG of all UEs
	Notes

	Always On
	-
	-
	-
	1%
	95
	10
	97.45%
	-
	

	
	-
	-
	-
	1%
	99
	10
	93.12%
	-
	

	
	-
	-
	-
	10%
	95
	10
	97.45%
	-
	

	
	-
	-
	-
	10%
	99
	10
	92.50%
	-
	

	R17 PDCCH monitoring adaptation (Option1)
	16.67
	8
	4
	1%
	95
	10
	94.91%
	32.77%
	Note1,4

	
	16.67
	8
	4
	1%
	99
	10
	2.08%
	32.77%
	Note1,4

	
	16.67
	8
	4
	10%
	95
	10
	2.22%
	35.21%
	Note1,4

	
	16.67
	8
	4
	10%
	99
	10
	1.11%
	35.21%
	Note1,4

	R17 PDCCH monitoring adaptation (Option2)
	16.67
	8
	4
	1%
	95
	10
	97.45%
	19.48%
	Note2,4

	
	16.67
	8
	4
	1%
	99
	10
	92.78%
	19.48%
	Note2,4

	
	16.67
	8
	4
	10%
	95
	10
	97.45%
	19.28%
	Note2,4

	
	16.67
	8
	4
	10%
	99
	10
	92.22%
	19.28%
	Note2,4

	Stop current DRX cycle by MAC CE (Option3)
	16.67
	8
	4
	1%
	95
	10
	97.45%
	20.57%
	Note3,4

	
	16.67
	8
	4
	1%
	99
	10
	92.69%
	20.57%
	Note3,4

	
	16.67
	8
	4
	10%
	95
	10
	97.45%
	20.06%
	Note3,4

	
	16.67
	8
	4
	10%
	99
	10
	92.14%
	20.06%
	Note3,4

	Enhanced PDCCH skipping with HARQ interaction (enhanced scheme)
	16.67
	8
	4
	1%
	95
	10
	97.45%
	32.49%
	Note1,4

	
	16.67
	8
	4
	1%
	99
	10
	92.78%
	32.49%
	Note1,4

	
	16.67
	8
	4
	10%
	95
	10
	97.45%
	32.18%
	Note1,4

	
	16.67
	8
	4
	10%
	99
	10
	92.22%
	32.18%
	Note1,4

	Note1: PDCCH skipping indication is indicated by the DCI that schedules the initial PDSCH transmission of the last DL packet of an XR traffic burst.
Note2: PDCCH skipping indication is indicated by the DCI that schedules a dummy PDSCH after all the HARQ-ACK processes of transmissions for a DL XR traffic burst have been completed.
Note3: MAC CE command to stop the current DRX cycle is indicated by the PDSCH that carries the last packet of a DL XR traffic burst, and 3ms applying delay is assumed after HARQ-ACK feedback corresponding to the PDSCH carrying MCA CE.
Note4: applying R17 sparse SSSG with PDCCH monitoring every 2 slots when DRX Onduration starts and switch to dense SSSG with PDCCH monitoring every 1 slot after detecting DCI scheduling XR traffic burst.




A-3. Simulation assumptions
Table A-1. Simulation assumption for FR1 Indoor Hotspot scenario
	Parameter
	value

	Scenarios
	Indoor Hotspot, 12 nodes in 50 m x 120 m

	Channel model
	InH

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 1.72% Guard Band

	Subcarrier spacing
	30 KHz

	Frame structure
	DDDSU (S: 10D:2G:2U)

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 32T: (4,4,2,1,1;4,4), (dH,dV) = (0.5, 0.5)λ

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

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	24 dBm per 20MHz

	UE max Power
	23 dBm

	UE Power
	Max Tx power: 23 dBm, (P0 = -80, alpha = 0.8)

	ISD
	20 m

	BS height
	3 m

	UE height
	1.5 m

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Device deployment
	100% indoor

	Down-tilt
	90 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10%

	UE speed
	3 km/h
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