3GPP TSG RAN WG1 #104                                                       R1-2100822
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]e-Meeting,  January 25th – February 5th, 2021

Agenda Item:	8.6.2
Source:	Spreadtrum Communications
Title:	Discussion on higher layer support of RedCap UE
Document for:	Discussion and decision

Introduction
In the RAN#90e meeting, the scope of the WID on support of Reduced Capability NR Devices was discussed [1]. According to the WID, the following topics will be studied, although details of higher layer support of enhancements are to be refined at RAN#91e.
	· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).



This paper provides our views on UE types and early identification.

UE type(s)
In the RAN 88-e meeting, the SID [2] description for wearable use case is revised as follows:
	Use case specific requirements: 
[…]
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).



According to the description, not all the RedCap UEs are mandated to support the same peak data rate. The following table lists the data rate requirement for different RedCap use cases.
Table 1: RedCap use cases and rate requirements
	Use cases
	reference bit rate 
	peak bit rate

	Industrial sensors
	<2Mbps (UL heavy)
	N/A

	Video Surveillance
	2-4 Mbps for economic video; 7.5-25 Mbps for High-end video
	N/A

	Wearable
	5-50 Mbps in DL and 2-5 Mbps in UL 
	Up to 150 Mbps for DL and up to 50 Mbps for UL


It is observed that the date rate requirements are diverse for different use cases. 
Moreover, according to the WID on RedCap [1], 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. So two subtypes of RedCap UE may need to be defined in FR1, namely RedCap UE with 2 Rx and RedCap UE with 1 Rx. RedCap UE with 2 Rx provides high data rate with up to 2 MIMO layers due to supporting 2 Rx antennas, and RedCap UE with 1 Rx provides low data rate with up to 1 MIMO layers due to supporting 1 Rx antennas. 
Some companies have concern on the market fragmentation if two subtypes defined. In our view, with the experience of different market demand on LTE Cat 4 and Cat 1bit, the cost reduction is also a promising factor as well as the market fragmentation.
RAN1#103e has discussed the capabilities to be included in the set of L1 capabilities of the device type for RedCap and reached the consensus that at least maximum supported UE BW should be included. In our opinion, the number of Rx should also be included. If coverage recovery is decided to support for 1 Rx, network should identify RedCap UE with 1 Rx during initial access. Coverage recovery should be included in the set of L1 capabilities of the device type for RedCap as well.
[bookmark: _GoBack]Proposal 1: Include the number of Rx in the set of L1 capabilities of the device type for RedCap.
Proposal 2: Whether to include coverage enhancement in the set of L1 capabilities of the device type for RedCap depends on the decision for supporting coverage recovery in the next RAN plenary.

Early identification
RAN1 has studied the feasibility, necessity, pros and cons from RAN1 perspective in RAN1#103e for the schemes for identification of RedCap UEs. The analysis results on the necessity of identification of RedCap UE type(s) during transmission of Msg1 was captured in TR 38.875 [3]:
	Necessity: Early identification of RedCap UE type(s) during transmission of Msg1 may be necessary for:
-	Coverage recovery (including link adaptation) for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 retransmission, Msg4 PDCCH/PDSCH or PUCCH in response to Msg4, Msg5 PUSCH and associated PDCCH, if it is determined that coverage recovery for RedCap UEs is necessary for one of more of these channels
-	Identifying UE minimum processing times capabilities for PDSCH processing and PUSCH preparation, if relaxations to UE min processing times are defined for N1 and N2
-	Identifying UE capability for UL modulation order for Msg3 and Msg5 scheduling, if relaxations to max UL modulation order (i.e., UL modulation order restricted to lower than 64QAM) are introduced
-	Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4
Exact necessity depends on outcome of studies on UE cost/complexity reduction and coverage recovery, and the SI on Coverage Enhancements.



The WID on NR coverage enhancements has determined to specify enhancements for PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD [4]. 
	· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]


In our opinion, network needs to identify the UE type during Msg1 transmission, considering the need to enable the coverage enhancements of PUCCH and Msg3 PUSCH for RedCap UE. Moreover, network also needs to identify the UE type to obtain UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4.
Proposal 2: Consider early identification of RedCap UE type(s) during transmission of Msg1.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: Include the number of Rx in the set of L1 capabilities of the device type for RedCap.
Proposal 2: Whether to include coverage enhancement in the set of L1 capabilities of the device type for RedCap depends on the decision for supporting coverage recovery in the next RAN plenary.
Proposal 3: Consider early identification of RedCap UE type(s) during transmission of Msg1.
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