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1
Introduction

During the Rel-18 XR SI, the work in RAN1 is completed, including evaluation of XR-specific power saving and enhancement of XR-specific capacity. According to previous RAN meeting, the reserved TUs for WI of XR in RAN1 is very limited (e.g., 4 TUs in 2023), the schedule is stringent thus the WI phase in RAN1 is expected to be started as planned. 

In the meanwhile, RAN2 also made progress for power saving and capacity enhancements and completed the study of these aspects. Also, for the XR awareness objective, there has been good progress but the final decision on the overall design on this is pending SA2 feedback for a couple issues (see R2-2213351). 

In this paper, we provide our views on the scope of potential Rel-18 WI for XR and propose objectives of such WI. In addition, we also propose to mandate support of 4Rx UE for XR traffic in specific bands (RAN4) and we justify this with evaluations. 

XR awareness

Based on the SA2 LS, the following parameters will be provided for DL XR, which may impact RAN3 and RAN2 specification.
	Control plane parameters for supporting PDU Set in downlink：

-  PDU Set Error Rate

-  PDU Set Delay Budget

-  PDU Set Integrated Indication

-  Burst periodicity
User plane parameters for supporting PDU Set in downlink

-  PDU Set  Sequence Number
-  Optional, Start PDU and End PDU of the PDU Set

-  PDU SN within a PDU Set

-  Optional, PDU Set Size

-  PDU Set Importance


And, RAN2 has agreed that in the uplink, UE needs to be able to identify PDU Set and Data Bursts dynamically but UE doesn’t need to perform the in-band marking over Uu.

Based on the above, there is already sufficient work to be done for XR characteristics awareness objective and hence this should be included in the WID of XR.

Proposal 1: Sufficient progress has been made to start work on XR characteristics awareness in RAN2 and RAN3.

Further, RAN2 has made the following agreements for XR awareness:
	Splitting DRB into multiple LCH (DC like) FFS.

Should try to understand why we would need to treat PDU sets differently over the radio and why different PDU sets are muxed over same flows. Also need to understand need for reordering.

RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.

Majority of companies in RAN2 thinks the objective on XR awareness is not complete because of SA2 progress. Further discussion on how to handle RAN2 impacts of SA2 and SA4 decisions would be necessary (e.g. PDU set handling in AS).


Based on the above, it is clear that some work is needed at least on the PDU Set discard operation for XR traffic. So, this objective can be part of the WI. Further, for mapping of the XR traffic, RAN2 has already discussed a number of options (which include potentially splitting DRB traffic into multiple LCHs (DC like) and once SA2 replies to our LS, this solution can also be finalized (depending on the SA2 response). 

Therefore, we think at least the objective for XR awareness can include the following aspects

PDU discard mechanism to enable discarding of entire PDU Set 

Mapping DRB traffic to multiple LCHs – FFS based on SA2 input

 Based on the above consideration, we propose the following: 

Proposal 2: For XR characteristic awareness objective, RAN2 can start the work on PDU discard mechanism. 

Proposal 3: The WI for XR should also include one further objective to finalize the details of mapping of DRB traffic to LCHs taking into account SA2 feedback. RAN plenary can check on the progress of this objective in March 2023.

3
Power saving techniques 

Based on the following agreements, RAN2 will focus on CDRX enhancements, e.g., non-integer periodicities of XR traffic (In this case, aligned CDRX periodicity is expected, including SFN wrap-around level alignment)  
	RAN2#119-e agreements:
RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.: 

-
DRX enhancements to address the issues of DRX cycle mismatch and jitter

-
Identify necessary parameters from CN for XR-awareness for power saving 

Enhancements to Rel-17 PDCCH adaptation can be discussed based on RAN1 feedback, if they have any RAN2 impact

RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).

RAN2#120 agreements:
RAN2 aims to allow XR frame rates that correspond to non-integer periodicities in at least semi-static manner (e.g. RRC). Details can be left to WI phase.


The C-DRX enhancements to deal with issues, such as: non-integer periodicity, SFN wrap-around, multiple XR traffic flows with different periodicities and jitter should be included in the WID of XR.
Proposal 4: The C-DRX enhancements to deal with the issues, such as: non-integer periodicity, SFN wrap-around issue, multiple XR traffic flows with different periodicities and jitter should be included in the WID of XR.

Apart from RAN2 based solutions, RAN1 discussed enhancements to Rel-17 PDCCH adaptation, but no consensus was achieved. From our point of view, the PDCCH skipping enhancement brings limited additional power saving gain. In addition, the mentioned concerns haven’t be addressed. For example, according to the discussions in Rel-17 UE power saving, both UL-retransmission and DL-retransmission should be considered in this case. However, the PDCCH skipping enhancement discussed only handles the resumption of PDCCH monitoring for scheduling DL-retransmission. Thus, there is no benefit in considering PDCCH skipping enhancements for XR. 
Proposal 5:   PDCCH skipping related enhancements should not be part of the XR WI
Capacity enhancement

In RAN1#111 meeting, the agreements for configured grant enhancement are shown as follows. 
	Agreement

Support dynamic indication of the unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE

Agreement

Support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration



Moreover, CG enhancements were fully discussed in Rel-18 SI, where not only it has been supported by majority of companies, but also companies have provided evaluation results to prove the capacity gain of CG enhancement under given assumptions. Therefore, CG enhancement should be included in Rel-18 WI scope.

Proposal 6: CG enhancement techniques, including dynamic indication of the unused CG PUSCH occasion(s) based on UCI by UE, and multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration should be included in the WID of XR.
Based on the following agreements in RAN 2:
	RAN2#120 agreements:
RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 

RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 

RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.


The buffer size reporting enhancement, such as finer granularity of BSR reporting, new BSR triggering conditions should be included in the WID of XR.
Proposal 7: The buffer size reporting enhancement, such as finer granularity of BSR reporting, new BSR triggering conditions should be included in the WID of XR.
5
Views on 2Rx XR devices
Supporting 2Rx XR devices in FR1 was proposed in previous RAN plenary meetings. However, it is noted that  4Rx shall be the mandatory feature for normal UEs in some bands, such as band n7, n38, n41, n48, n77, n78, n79, according to TS 38.101-1 clause 7.2 [2].
Moreover, capacity is an important KPI for XR services.  As discussed in Rel-17 SI, 4Rx is the baseline evaluation assumption, all the companies provide evaluation results based on 4Rx assumption for UEs in FR1. If the Rx antennas are reduced from 4 to 2, the capacity performance will be significantly degraded, especially no DL capacity enhancement technique was agreed in Rel-18 study item of XR.

In addition, we provide evaluation results comparing capacity performance of 4Rx XR UE with 2Rx XR UE. The UE antenna configurations for 4Rx UE and 2Rx UE in FR1 are listed as follows.
Table 1: UE antenna configuration for 4Rx UE and 2Rx UE
	UE characteristic
	UE antenna configuration

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

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


And other simulation assumptions have been listed in Table A.1. With the above assumptions, the capacity performance between 4Rx UE and 2Rx UE are summarized as follows.
Table 2: Capacity performance between 4Rx UE and 2Rx UE

	Traffic model
	Scenario
	Capacity
	Capacity loss

	
	
	4 Rx UE
	2 Rx UE
	

	AR/VR 30Mbps
	Indoor HotSpot
	11.4[Note 1]
	7.2
	36.8%

	
	Dense Urban
	12.5[Note 2]
	7.4
	40.8%

	
	Urban Macro
	10[Note 3]
	5.8
	42.0%

	AR/VR 45Mbps
	Indoor HotSpot
	7.2[Note 1]
	3.2
	55.6%

	
	Dense Urban
	7.8[Note 2]
	3.7
	52.6%

	
	Urban Macro
	6[Note 3]
	2.7
	55.0%

	CG 30Mbps
	Indoor HotSpot
	12.9[Note 1]
	7.6
	41.1%

	
	Dense Urban
	14.7[Note 2]
	8.4
	42.9%

	
	Urban Macro
	11.6[Note 3]
	6.9
	40.5%


Note 1: The capacity performance results in Indoor HotSpot scenario are extracted from [3] and clause B.1.2 in [4].

Note 2: The capacity performance results in Dense Urban scenario are extracted from [3] and clause B.1.1 in [4].

Note 3: The capacity performance results in Urban Macro scenario are extracted from [3] and clause B.1.3 in [4].
Observation 1: In the agreed scenarios including e.g., Indoor HotSpot, Dense Urban and Urban Macro, for AR/VR30Mbps, AR/VR45Mbps and CG30Mbps, two Rx UEs would cause large capacity performance loss in the range from 36.8% to 55.6% compared to four Rx UEs. 
Proposal 8： Four Rx antenna ports should be mandatory for XR UEs for FR1 bands higher than 2.6GHz.  

6
Conclusion
Observation 1: In the agreed scenarios including e.g., Indoor HotSpot, Dense Urban and Urban Macro, for AR/VR30Mbps, AR/VR45Mbps and CG30Mbps, two Rx UEs would cause large capacity performance loss in the range from 36.8% to 55.6% compared to four Rx UEs.
Proposal 1: Sufficient progress has been made to start work on XR characteristics awareness in RAN2 and RAN3.

Proposal 2: For XR characteristic awareness objective, RAN2 can start the work on PDU discard mechanism. 

Proposal 3: The WI for XR should also include one further objective to finalize the details of mapping of DRB traffic to LCHs taking into account SA2 feedback. RAN plenary can check on the progress of this objective in March 2023.

Proposal 4: The C-DRX enhancements to deal with the issues, such as: non-integer periodicity, SFN wrap-around issue, multiple XR traffic flows with different periodicities and jitter should be included in the WID of XR.
Proposal 5:   PDCCH skipping related enhancements should not be part of the XR WI
Proposal 6: CG enhancement techniques, including dynamic indication of the unused CG PUSCH occasion(s) based on UCI by UE, and multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration should be included in the WID of XR.
Proposal 7: The buffer size reporting enhancement, such as finer granularity of BSR reporting, new BSR triggering conditions should be included in the WID of XR.
Proposal 8： Four Rx antenna ports should be mandatory for XR UEs for FR1 bands higher than 2.6GHz.  

Proposal 9： Adopt the text proposal in section 7 for potential Rel-18 WI of XR.
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Text proposal of potential Rel-18 WI of XR
	------------ Omit part -----------------

The work is to be based on Release 18 TR 38.835 as well as TR 38.838.

Objectives on XR-awareness in RAN (RAN2, RAN3):

Specify mechanisms to deliver PDU Set related parameters over control plane and user plane for UL and DL operation. 
Specify mechanisms to enable discarding of all the PDCP SDUs belonging to a PDU Set 

Finalise the details of QoS flow to DRB mapping including whether or not to enable mapping DRB traffic to multiple LCHs based on SA2 input (Note: RAN plenary can check on the progress of this objective in March 2023)

Objectives on XR-specific Power Saving (RAN2, RAN1):

Specify solutions for enhancement of CDRX to match with XR traffic periodicity through at least semi-static mechanisms (e.g. RRC signalling), including solutions for:
-
non-integer C-DRX periodicity;

-
SFN wrap-around issue;

-
multiple XR traffic flows with different periodicities;

-
CDRX onDuraion dynamic adjustment for DL jitter; 
Objectives on XR-specific capacity improvements (RAN1, RAN2):

For enhancements for configured grant based transmission
specify mechanisms to enable Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration;  

Dynamic indication of unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.  

In order to enhance the scheduling of uplink resources for XR

Specify BSR procedure enhancements including at least New BS table(s) and new BSR triggering conditions to reduce the quantisation errors in BSR reporting (e.g. for more efficient UL resource scheduling);

Delay reporting of buffered data in uplink

Provision of UE assistance information in uplink (e.g periodicity)

------------ Omit part -----------------


Reference
3GPP R2-2213351, LS on PDU Set Handling.
3GPP TS 38.101-1.
3GPP R1-2111351, Performance Evaluation Results for XR, ZTE.

3GPP TR 38.838, Study on XR (Extended Reality) Evaluations for NR.
Appendix
Simulation Parameters is shown as in Table A.1.

Table A.1 simulation parameters for FR1 DL
	Parameters
	Value

	Scenario
	Scenario-1: Indoor Hotspot

12 nodes in 50 m x 120 m
	Scenario-2: Dense Urban

hexagonal layout with 7, 3 Sectors
	Scenario-3: Urban Macro
hexagonal layout with 7, 3 Sectors

	Inter-BS distance
	20m
	200m
	500m

	Carrier frequency
	4 GHz

	Duplex Mode / Simulation bandwidth
	100 MHz

	SCS
	30KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	32 Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
32TX:(M, N, P, Mg, Ng; Mp, Np) = (4,4, 2, 1, 1; 4, 4); 

The antenna tilt is 90 degrees.
	64 Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
64TX:(M, N, P, Mg, Ng; Mp, Np) = (8,8, 2, 1, 1; 4, 8); 

The antenna tilt is 12 degrees.

	UE Antenna Configuration
	Alt 1: 4 Rx antenna ports, and Panel model 1: dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

Alt 2: 2 Rx antenna ports and Panel model 1:dH = 0.5λ

2 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1; 1,2)
	Alt 1: 4 Rx antenna ports, and Panel model 1: dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

Alt 2: 2 Rx antenna ports and Panel model 1:dH = 0.5λ

2 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1; 1,2)

	Transmit Power
	24 dBm per 20M at TRP, and 23 dBm at UE
	44 dBm per 20M at TRP, and 23 dBm at UE

	BS Height
	3 m 
	25 m 

	UE Height
	1.5m
	Outdoor UEs: 1.5 m

Indoor UTs: 3(nfl – 1) + 1.5; 

nfl ~ uniform(1,Nfl) where 

Nfl ~ uniform(4,8)

	Antenna Element Gain
	5dBi for BS and 0 dBi for UE
	8dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	100% of users are indoor

Use 3km/h for modeling fading channel
	80% of users are indoor,20%of users are outdoor;

Use 3km/h for modeling fading channel

	Number of UEs per cell
	up to 15

	Scheduling Algorithm
	MU-MIMO+ PF

	HARQ/repetition
	HARQ retransmission

	Channel estimation
	Realist

	Target BLER
	10% for first transmission

	PHY processing delay
	UE PUSCH processing Capability #1,N1=10

	PDCCH overhead
	1/7(2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC
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