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[bookmark: _Ref129681832]In RAN#99, a 2-step process was established for the introduction of 2RX XR UEs in bands that UEs are normally required to support 4RX. In RAN#100 and RAN#101, the first step of the process was completed, where it was agreed that glasses-type XR UEs could not support 4RX chains. In RAN#102 we therefore move to the second step of considering the network impacts of such devices.
Discussion
In the next subsections we review the 2-step process and agreements, options for identifying 2RX XR UEs in the network, discuss the performance of 2RX XR UEs relative to RedCap UEs, and suggested UE capabilities relevant to such devices beyond the normal smartphone.
2-step Process and Agreements
The moderator summary from RAN#101 [1] summarizes the process and agreements:

RAN#99 had outlined 2 steps towards progressing discussions on 2Rx XR devices, cf. RP-230740:
“Step-1: Recognize that form factor limitations of a subset of XR devices can make it impossible for these devices to support 4 antenna ports.
· Exact characterization and form factor limitations of these devices are to be studied in RAN plenary. Contributions are invited to TSG-RAN#100 to address this.”

Proposed resolution for Step-1 for the purpose of continuing discussions to Step-2:
· Handheld smartphone UEs are excluded from any 2Rx relaxation for XR wearables.
The default for non-RedCap XR-wearable UEs is 4Rx (for frequency bands where 4Rx is mandated).
A non-RedCap XR-wearable UE can be considered for 2Rx relaxation (for frequency bands where 4Rx is mandated) if and only if: 
· Intended to be worn on the human head;
· When in use, is intended to be supported only by/behind the ears and by a nose-bridge resulting in a constrained form factor with limited volume available for Rx chains; 

-	No other relaxation is being considered apart from number of Rx antennas.
________________________________________________________________________________________
Step-2 is outlined as follows (cf. RP-230740):
“Step-2: Recognize the importance of identifying these devices in the network, and potential network impact (e.g. performance, coverage, capacity) and UE impact
· Details of Step-2 will be further defined following the maturity of Step-1”

Proposed scope for Step-2 for RAN#102:
Address the impacts to RF and OTA requirements for non-RedCap 2Rx XR devices, and their potential network impact (performance, coverage, capacity, etc…) and the mitigation techniques.
It is assumed that there is a need for the network to clearly identify non-RedCap XR devices with 2Rx restriction.



Identification of 2RX XR devices in the network
There appear to be two general approaches for the identification of “glasses-type” XR UEs. (“glasses-type” is used for convenience, see the previous section for the full description.) 
1. Treat the “glasses-type” XR devices in a similar manner as Vehicular UEs, which also have a 2RX exception.
2. Treat the “glasses-type” XR devices in a “RedCap-like” manner (access barring, early identification)
With the second option, it is extremely important to note that we are NOT expanding the definition of RedCap, but just consider similar mechanisms specific to these “glasses-type” UEs. All of the agreements related to 2RX XR are for non-RedCap devices that have no other relaxation, and therefore would have full bandwidth (100MHz in FR1) and could support CA, etc. For RedCap, the early identification is primarily targeted for the bandwidth reduction, not the reduced RX chains. There is no differentiation by #RX chains in RedCap Early Identification, and the #RX chains (MIMO layers) is provided during the normal UE capability exchange. Therefore, it is not necessary to have Early Identification of “glasses-type” UEs. If Early Identification is deemed worth introducing, it should be via Msg 3 (which will have LCID space extended in Rel-18) and not via Msg 1 (which could cause further PRACH fragmentation). While access barring could be introduced, it seems sufficient to introduce “glasses-type” UEs in a similar manner as Vehicular UEs.
Observation 1. The relaxation is for non-RedCap XR UEs with full-bandwidth capability; the definition and procedures for RedCap will not to be touched.
Observation 2. Early Identification of “glasses-type” XR UEs is not necessary.
Proposal 1. Introduce “glasses-type” XR UEs in a similar manner as Vehicular UEs.

The performance of 2RX XR devices in the network
The Rel-17 RedCap TR [2] investigated the performance of UEs with bandwidth reduction and RX chain reduction. Generally it was seen that while the spectral efficiency of the RedCap UEs themselves was lower, there was little to no impact to eMBB UE due to the introduction of RedCap. For coverage for RedCap 2RX (see Annex) a small compensation might be needed only for Msg 2, and TBS scaling (or power boosting) could be used in that case:
-	[1 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 
Compared to RedCap, the “glasses-type” XR UE only has the RX chain reduction, and is a significantly more capable UE than RedCap. Since the network impact of introducing RedCap UEs was deemed acceptable, it is reasonable to conclude that the introduction of “glasses-type” XR UEs is also acceptable.
Observation 3. “Glasses-type” XR UEs are significantly more capable than RedCap UEs.

UE capabilities
The “glasses-type” UE is not a low-complexity UE, it is a full-fledged XR device that physically cannot support 4RX. From that perspective, it is quite reasonable for operators who allow the relaxed devices in their networks to expect that they have XR capabilities, beyond what a normal smartphone might be expected to support. To that end, as XR is a URLLC service (c.f. [3]), we can investigate URLLC and XR features that are currently optional and consider whether to make them mandatory for these XR UEs. These features could be from any release, below we examine just those from Rel-15.

Annex A from [4] with annotations for FG and whether mandatory or optional:

Annex A (informative):
URLLC capabilities 
The Release 15 features listed in Table A-1 are some of the features for UEs supporting services requiring ultra reliability and/or low latency, as defined in TS 38.300 [16]. It should be noted that the list is not exhaustive and not all features need to be supported at the same time for UEs supporting services requiring ultra reliability and/or low latency.

Table A-1: Rel-15 UE capabilities relevant for UEs supporting ultra-reliable and/or low latency services 

	Feature Category 
	3GPP capabilities 

	Repetitions 
	pusch-RepetitionMultiSlots  (5-17) mand w/cap, K=2,4,8

	 
	pdsch-RepetitionMultiSlots  (5-17a) opt, K=2,4,8

	 
	type1-PUSCH-RepetitionMultiSlots  (5-14) opt, K=2,4,8 w/RV

	 
	type2-PUSCH-RepetitionMultiSlots  (5-16) opt, K=2,4,8 w/RV

	Mini-slot 
	pdsch-MappingTypeA (5-6) mand w/ cap set to 1

	 
	pdsch-MappingTypeB  (5-6a) mand w/ cap

	 
	pdsch-ProcessingType1-DifferentTB-PerSlot (5-11) opt w/cap (values)

	 
	pusch-ProcessingType1-DifferentTB-PerSlot (5-12) opt w/cap (values)

	PDCCH processing 
	pdcch-MonitoringAnyOccasionsWithSpanGap (3-5b) opt w/ cap (values)

	 
	pdcch-MonitoringAnyOccasions (3-5) opt w/ cap

	 
	pdcch-MonitoringSingleOccasion (3-2) opt w/ cap

	UL configured grant 
	configuredUL-GrantType1 (5-19) opt w/cap

	 
	configuredUL-GrantType2 (5-20) opt w/cap

	DL SPS 
	downlinkSPS (5-18) opt w/cap

	HARQ-ACK 
	mux-HARQ-ACK-PUSCH-DiffSymbol  (4-28) mand w/cap

	Reduced processing time 
	pdsch-ProcessingType2 (5-13) opt w/cap (values)

	 
	pusch-ProcessingType2 (5-13d) opt w/cap (values)

	Ultra-reliable CQI/MCS tables
	cqi-TableAlt (2-32c) opt w/cap

	 
	dl-64QAM-MCS-TableAlt  (5-34) opt w/cap

	 
	ul-64QAM-MCS-TableAlt  (5-34a) opt w/cap

	 
	dl-MCS-TableAlt-DynamicIndication (5-34b) opt w/cap

	 
	ul-MCS-TableAlt-DynamicIndication  (5-34c) opt w/cap

	PDCP duplication
	pdcp-DuplicationSplitSRB  (1-6 from L2/3) opt w/cap

	 
	pdcp-DuplicationSRB (1-6 from L2/3) opt w/cap

	 
	pdcp-DuplicationMCG-OrSCG-DRB  (1-6 from L2/3) opt w/cap

	 
	pdcp-DuplicationSplitDRB  (1-6 from L2/3) opt w/cap



Most of the features in the table are optional for “normal” UEs (i.e., smartphones). For XR, many of these features are useful and could be expected to be supported (DL SPS, configured grant, …). Some could be even more relevant for XR UEs with reduced RX chains (PDSCH repetition, ultra reliable CQI/MCS tables, …).
Observation 4. XR UEs should support more features than smartphones.
Proposal 2. Consider requiring that XR devices with the 2RX relaxation support additional XR-related features.

Conclusion
We observe and propose the following:
Observation 1. The relaxation is for non-RedCap XR UEs with full-bandwidth capability; the definition and procedures for RedCap will not to be touched.
Observation 2. Early Identification of “glasses-type” XR UEs is not necessary.
Proposal 1. Introduce “glasses-type” XR UEs in a similar manner as Vehicular UEs.
Observation 3. “Glasses-type” XR UEs are significantly more capable than RedCap UEs.
Observation 4. XR UEs should support more features than smartphones.
Proposal 2. Consider requiring that XR devices with the 2RX relaxation support additional XR-related features.
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Annex
Note 2:	Most of the Msg4 results are based on MCS0. However, a few results are based on a higher MCS
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In summary, based on the evaluation results, the following observations can be made.
For FR1:
-	For FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3 dB. For other UL channels, coverage recovery may be not needed.
-	For RedCap UE with 2 Rx and reduced antenna efficiency, dependent on frequency bands and the assumption of DL PSD, the need for coverage recovery can be different. 
-	For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2. A small or moderate compensation can be considered, where the square brackets indicate that the exact amount will depend on the techniques, scenarios, etc.:
-	[1 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 
-	For other carrier frequencies or DL PSD of 33 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE.
-	For RedCap UE with 1 Rx and reduced antenna efficiency, dependent on frequency bands and the assumption of DL PSD, the need for coverage recovery can be different.
-	For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. A small or moderate compensation can be considered, where the square brackets indicate that the exact amount will depend on the techniques, scenarios, etc.:
-	[1 dB] for PDCCH CSS
-	[2-3 dB] for Msg4
-	[6 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 
-	For other carrier frequencies or DL PSD of 33 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE.
-	It is noted that in the methodology for RedCap UE coverage recovery target determination, absolute ISD/MPL targets are not considered.
-	The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery.
For FR2:
-	For FR2, there is no assumption of reduced antenna efficiency for RedCap UE and the MIL of the UL channels is the same as the reference NR UE and coverage recovery for UL channels is not needed. 
-	For RedCap UE with 100 MHz BW and 1Rx in FR2 indoor scenario, although there is performance loss from reducing the number of Rx branches to 1, the MIL(s) of all the DL channels is better that that of the bottleneck channel for the reference NR UE, for which max TRP 12dBm is assumed, and coverage recovery for DL channels is thus not needed.
-	For RedCap UE with 50MHz BW and 1Rx, coverage recovery may be needed for PDSCH when the same target data rate as the reference NR UE is assumed, and the amount of coverage recovery to be considered is approximately [2-3 dB] , where the square brackets indicate that the exact amount will depend on the techniques, scenarios, etc. 
-	The trade-off between data rate and coverage can be considered and the amount of coverage recovery may depend on this choice.
-	The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery and/or max TRP for the reference NR UE. 
-	E.g. coverage recovery may not be needed for FR2 indoor scenario when the target is based on an MPL value from a target ISD of 20m.
-	E.g. coverage recovery for some DL channels may be needed for RedCap UE with 100 MHz BW (e.g. Msg2/4, PDSCH) or 50 MHz BW (e.g. Msg2/4, PDSCH, PDCCH) and 1Rx when max TRP 23 dBm is assumed for the reference NR UE.
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