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Introduction
[bookmark: _Hlk22834419]The RedCap WI was approved in RAN#90-e [1] with following open issues:
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
……
· [bookmark: _Hlk58575355]The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.


This contribution discusses the open issues for RedCap.
Support of single Rx branch
Wearable is one important use case for RedCap. The device size is small, e.g., ~40 mm for a watch. However, for FR 1, the antennal is comparable to the device size. For example, at 3.5GHz band, about λ/4 @3.5GHz 2cm can be assumed as antenna size. Besides, isolation to other metal-contained components is needed, including antennas for other RATs, e.g., Bluetooth/WIFI/NFC/GPS, as well as other metal-contained components. Different from isolation from antennas for different frequency range, it is more challenges to assemble two antennas for the same band on to such compact form for wearables, since dual-polarized antenna is not supported in FR 1. Even two antennas can be put on wearable devices, with high antenna correlations, there is no performance gain. Inversely, some performance loss is observed in [2][3]. 
Observation 1: It is very challenges to assemble two Rx branches on wearable with compact form. Even with two Rx branches, no gain or negative gains on performance is observed. 
Support of a wider bandwidth after initial access for FR1
Up to 150Mbps peak data rate is needed for wearable use cases [1]. Since only single Rx can be supported by wearables, with 20MHz bandwidth for FR 1, it cannot meet the requirement of 150Mbps for DL. On the other hand, LTE Cat 4 is widely used for wearables, which can provide 150Mbps with 2Rx and 75Mbps with 1 Rx. With 20MHz and 1 Rx, NR cannot provide attractive improvement comparing with LTE products. More important, for wearables such as glasses, remote medical treatment requires, AR/VR, [100, 500] Mpbs data rate is needed with limited form factor. Therefore, in order to expand NR market, wider bandwidth is needed. 
Observation 2: Wider bandwidth than 20MHz is needed for wearables that can only support single Rx. 
Reduced power consumption for Redcap
[bookmark: _GoBack]UE power savings is an important objective for RedCap use cases. For wearables, such as smart watches, rings, eHealth related devices, the battery of the device should last multiple days (up to 1-2 weeks). For industrial wireless sensors, the requirement of battery life can be a few years. To reduce power consumption for RedCap UEs, all the UE power saving schemes supported in Rel-16 PS WI and Rel-17 PS enhancement WI can be considered. 
Observation 3: Power saving schemes from Rel-16 PS WI and Rel-17 PS enhancements are applicable for RedCap UEs.
In addition, reduced PDCCH monitoring, including extended minimum PDCCH monitoring gap, smaller BD/CCE limits can achieve up to 10% power saving gain according to the evaluation results in TR 38.875. The impact to scheduling flexibility is negligible considering low data rate and latency insensitive characteristics of traffic.  For PDCCH blocking, it’s caused due to large connectivity and should be addressed regardless of PDCCH monitoring capability. 
Observation 4: Reduced PDCCH monitoring, including extended minimum PDCCH monitoring gap, smaller number of BD/CCE budget helps reducing power consumption for RedCap UEs.  
Coverage recovery for Redcap 
In TR 38.875, impacts on coverage loss from single Rx were analyzed for FR1 which is summarized in Table 1. 
Table 1: Summary of coverage loss for two ant. and single ant.
	
	2.6GHz
	0.7GHz
	4GHz

	Coverage loss for 2 ant. 
	-3dB for PUSCH
	-2.8dB for PUSCH
-1.0dB for Msg 3
	[PSD 33dBm/MHz] -3dB PUSCH 

	
	
	
	[PSD 24dBm/MHz] -2.9dB PUSCH

	Coverage loss for 1 ant.
	-3dB for PUSCH
	-2.8dB for PUSCH
-1.0dB for Msg 3
	[PSD 33dBm/MHz] -3dB PUSCH

	
	
	
	[PSD 24dBm/MHz]
-3dB PUSCH
-0.8dB PDCCH CSS
-5.5dB Msg 2 (w/o TBS scaling)
-2.4dB Msg 4


As shown in Table 1, coverage losses due to single ant. are mainly for PUSCH or Msg 3 in most of cases and there is no coverage loss for other channels except PUSCH with PSD 33dBm/MHz in 4GHz. With single ant., coverage loss for PDCCH CSS, Msg 4 and Msg 2 are observed only with PSD 24dBm/MHz in 4GHz. It is noted that Msg 2 coverage loss can be addressed with the existing TBS scaling in current specification. Therefore, it is observed that coverage recovery with single ant. is only needed for limited cases.
Observation 5: Coverage recovery with single branches is only needed for limited cases
In addition, regarding impacts on spectral efficiency/capacity in TR38.875, all results except one show that RedCap has minor or no impact on spectral efficiency/capacity and also, 1 Rx compared to 2 Rx does not make an appreciable change on the user throughput performance of the eMBB. In our understanding, the one result from one source showing substantial impacts from RedCap is not reasonable because cell spectral efficiency loss by RedCap should be upper-bounded by 20% given only one frequency block among fives frequency blocks is occupied by RedCap based on their simulation assumption.
Observation 6: RedCap with single branches has minor or no impact on spectral efficient/capacity.
Conclusion
This paper discusses remaining issues for Redcap WI. The following observations were made:
Observation 1: It is very challenges to assemble two Rx branches on wearable with compact form. Even with two Rx branches, no gain or negative gains on performance is observed.
Observation 2: Wider bandwidth than 20MHz is needed for wearables that can only support single Rx.
Observation 3: Power saving schemes from Rel-16 PS WI and Rel-17 PS enhancements are applicable for RedCap UEs.
Observation 4: Reduced PDCCH monitoring, including extended minimum PDCCH monitoring gap, smaller number of BD/CCE budget helps reducing power consumption for RedCap UEs.
Observation 5: Coverage recovery with single Rx branches is only needed for limited cases
Observation 6: RedCap with single branches has minor or no impact on spectral efficient/capacity.
Based on the observations, we propose:
Proposal: Support the following features for Redcap UE:
· Support 1 Rx branch for all bands and necessary coverage recovery
· Support 40MHz bandwidth for FR 1 after initial access
· Support power saving schemes specified in Rel-16 and Rel-17
· Support Reduced PDCCH monitoring 
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