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1 Introduction
In RAN #90e meeting, WI about Reduced Capability NR devices was created. For the objectives, few items are left for further decision in plenary.
In this contribution, we consider the further updating of normative works for reduced capability (RedCap) NR devices, based on previous study and the working group discussion.
2 UE complexity Reduction

In the reduction of Rx, the observed feasible number of RX is commonly agreeable as 1 Rx by UE implementation. It relevant to the devices with compact form factor, which can hardly achieve multi-antenna gain due to the high correlation of antennae. Thus, we should consider 1Rx as baseline for at least FR1, which have larger ℷ value. The size limitation is often happened in wearable scenario. This is the one of the 3 main scenarios of RedCap. However, other 2 scenarios also face the same problem as many field deployments should also use small sensors and camera. That gives foundation for the agreed adding 1RX in frequency bands mandating 2RX in Rel-15.
For other frequency bands, we still think the supporting of 1RX is meaningful. If those band will support RedCap devices, single receiving branch will be implemented. Those bands are including the relative lower frequency, e.g.2.5GHz.

Proposal 1:  In the RedCap UE WI scope, 1Rx branch is supported in frequency bands which a legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports.
Considering the UE bandwidth other than 20 MHz, there are still motivation for it. Main motivation is a ‘middle’ data rate requirement for UE would be needed. Also due to the reduction of RX branches, the RedCap UE already provide quite low data rate. Wider bandwidth will allow another type of UE between normal UE and “low-end” RedCap UE. The market fragmentation is not real issue for NR, since the UE types of NR is too restrictedly controlled from Rel-15.
Thus, the UE bandwidth of 40 MHz after initial access can be considered as optional for FR1 and discussed in the WI phase. The FR2 will only have one bandwidth for RedCap UE as decided in the last plenary.
Proposal 2:  In the RedCap UE WI scope, 40MHz UE bandwidth after initial access is optionally supported for FR1.

3 Others RAN1 issues
In the last meeting it decided for further discuss whether and how to specify different types of RedCapUE. At least 2 types of RedCap UE is expected from our views. The earlier differentiation is needed for low capability UEs from normal UEs. One consideration is the potential coverage loss due the low complexity. Network may need to know and may compensate the loss. However, restrict access or compensate for low complexity of UE would be up to network. 

For coverage recovery, PUSCH and Msg3 are already in the coverage enhancement WI. However, the DL channels are not considered for coverage enhancement in any WI.
In the study on scenarios of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. Those needed DL enhancements are all from case of lower DL PSD. There was not too much discussion on the use cases of the low PSD scenarios in the last plenary and it can be covered in this plenary. If the 24dBm PSD is confirmed by operators, the above DL channels should be enhanced. 

Proposal 3:  Introducing at least 2 sets of UE capabilities for RedCap UE in FR1. Discuss the definition of different RedCap UE and identification of RedCap UE in WGs.
Proposal 4:  If the 24dBm PSD deployment is confirmed by operators, DL channels should be coverage recovered.
4 RAN2 issues
In the current TR, for the purpose of RedCap UE’s identification, different approaches have been listed with pros and cons analysis. In our understanding, it would be sufficient to have either Msg1-based or Msg3-based identification. Of course, the need for Msg1-based solution is up to RAN1 to decide, while Msg3-based is more in RAN2’s scope. We believe that in the WI phase, RAN1 and RAN2 need to work out a down-selection and specify one solution.
Proposal 5: Specify early identification mechanism in Msg1 or Msg3.
On access control, cell barring and UAC machanisms are in the RAN2’s scope. It has been identified in the TR that separate cell barring for RedCap UEs would be useful for network to control whether to allow RedCap UEs to camp independently from normal UEs. For finer granularity’s access control, network can resort to RedCap-specific UAC mechanism to differentiate various RedCap use cases/UE types/services/categories, etc., in the similar way as for normal UEs. Enhancement to RedCap’s UAC has NAS impact as most probably new access identities or access categories may need to be introduced for RedCap UEs. Therefore, SA1/CT1 involvement is required.

Proposal 6: Specify cell barring and UAC mechanisms for RedCap UEs, potentially with SA1/CT1 involvement.   
One of the important performance requirements for RedCap UEs is less power consumption. In the SI phase, eDRX and RRM relaxation are the two major aspects that are evaluated for RedCap UE’s power saving. For eDRX, RAN2 has identified that for both RRC_IDLE and RRC_INACTIVE states, having longer eDRX cycle above 10.24s (e.g. up to 10485.76s) would bring a lot of power saving gain compared to the existing DRX mechanism in NR. This would mean that for RedCap UEs there is a need to implement LTE-like PH/PTW-based eDRX mechanism, which could be fairly easy for RRC_IDLE state. For RRC_INACTIVE state, due to the existing NAS-layer’s limitation, implementing longer eDRX cycle than 10.24s will have NAS impact. CT1 needs to be involved to relieve the limitation.
On RRM relaxation, in the last RAN2 meeting, it has been agreed that irrespective of RRC state, serving cell RRM relaxation for Redcap UEs is not considered in Rel-17, which means that the Rel-17 RedCap WI will focus on neighbour cell RRM relaxation. Note that for RRC_IDLE and RRC_INACTIVE states, neighbor cell RRM relaxation has been specified in Rel-16 power saving WI. We believe that the same mechanism can be implemented for RedCap UEs with or without any further adaption that is specific to stationary use cases. On the other hand, RRM relaxation in RRC_CONNECTED state has never been discussed before, and we think this should deserve more chance in Rel-17. 
Proposal 7: Specify extended DRX cycles above 10.24s for both RRC_IDLE and RRC_INACTIVE states, potentially with CT1 involvement.

Proposal 8: Specify neighbor cell RRM relaxation for all the RRC states (RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED).  
5 Conclusion

In this contribution, we discussed on updating WI of RedCap UE. We suggest considering the study of RedCap is closed in all WGs. For the specification work, we propose:
Proposal 1:  In the RedCap UE WI scope, 1Rx branch is supported in frequency bands which a legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports.

Proposal 2:  In the RedCap UE WI scope, 40MHz UE bandwidth after initial access is optionally supported for FR1.

Proposal 3:  Introducing at least 2 sets of UE capabilities for RedCap UE in FR1. Discuss the definition of different RedCap UE and identification of RedCap UE in WGs.

Proposal 4:  If the 24dBm PSD deployment is confirmed by operators, DL channels should be coverage recovered.
Proposal 5: Specify early identification mechanism in Msg1 or Msg3.

Proposal 6: Specify cell barring and UAC mechanisms for RedCap UEs, potentially with SA1/CT1 involvement.   
Proposal 7: Specify extended DRX cycles above 10.24s for both RRC_IDLE and RRC_INACTIVE states, potentially with CT1 involvement.

Proposal 8: Specify neighbor cell RRM relaxation for all the RRC states (RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED).  
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