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1 Introduction
In previous RAN plenary meetings, study on support of reduced capability NR devices was extended to the end of 2020. The designated WG meetings has gone through the main study areas. To the end of November, main study in RAN1 has been done for the reduced UE complexity analysis, less PDCCH monitoring over time and the coverage recovery due to the lower capability UE. Further analysis of system performance has also been undertaken.
In RAN2, corresponding reduced capability UE identification, barring schemes, UE capability signalling study, power saving and related issues are also done.
In this contribution, we consider the further normative works for reduced capability NR devices, based on the summary of TR 38.875 and the working group discussion.
2 UE complexity Reduction

 Analysis of UE complexity was based on the complexity template. Base on all companies’ reports, the summarized reduction percentages are given for different UE complexity reductions and reduction combination. Several reduction dimensions are categorized in the study: Reduced number of UE Rx/Tx antennas, UE bandwidth reduction, Half-duplex FDD operation, Relaxed UE processing time, Relaxed maximum number of MIMO layers, Relaxed maximum modulation order and Combinations of UE complexity reduction features.

For the reduced modulation order, it is concluded to make the DL 256QAM modulation as optional for RedCap UE in FR1. Other cases of modulation order will be kept same as in NR. The UE bandwidth of larger than 20 MHz after initial access can be considered as optional for FR1 and discussed in the WI phase. For FR2, UE bandwidth of 100 MHz will be only supported by RedCap UE after initial access. The modulation and bandwidth capabilities reflecting those decisions can be included in the WI scope.
The study was also concluded that HD-FDD type B is not supported for RedCap FR1 FDD UEs in Rel-17. However, we need to decide to whether to have support FD-FDD or HD-FDD type A or both in the standardization. We also need to consider if RedCap UE can relax UE processing time of N1/N2. 
RX reductions

In the reduction of Rx, the observed feasible number of RX is commonly agreeable as 1 Rx by UE implementation. The main reason is the form factor. Considering in the real design, compact form factor can hardly achieve multi-antenna gain due to the high correlation of antennae in very limited spaces. Thus, we should consider 1Rx as baseline for at least FR1, which have quit large ℷ value.
Although we make separate complexity reduction in different dimension, a combination of reduction analysis was done. In the end, it seems that many reduction schemes do not have much implication. They were concluded independently. For the number of supported Rx and MIMO layer, there were implications identified. Further down-selection will be up to plenary decision. 

FR1 FDD bands has less controversy due to the very limited reduction from 2 Rx to 1 Rx.
For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N. To be down-selected during the WI phase or at RAN plenary:

· Alt 1: N=2

· Alt 2: N=1, where N=2 is also supported 

For FR1 FDD bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches,

· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.
· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. Down-select between the following during the WI phase or at RAN plenary

· Option 1: M=1, where M=2 is also supported
· Option 2: M=2

For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches,

· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.

· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. Down-select between the following options during the WI phase or at RAN plenary

· Option 1: M=1, where M=2 is also supported
· Option 2: M=2

For FR2 bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches,

· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.

· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. Down-select between the following options during the WI phase or at RAN plenary:

· Option 1: M=1, where M=2 is also supported
· Option 2: M=2
For the above cases, if we also support 2 Rx in addition to 1 Rx, we can mandate 2 MIMO layer in each case. The use case of decoupling Rx and MIMO layer is unclear. For other aspects, power consumption and complexity is higher for RX branch than MIMO layer processing.

Proposal 1:  In the RedCap UE WI scope, 1Rx is supported as baseline for both TDD and FDD bands in FR2.
In case of 2Rx RedCap UE, 2 MIMO layer is assumed.

Proposal 2:  RAN decides if WI can include HD-FDD type A and relaxed UE processing time of N1/N2 for RedCap UE.

3 Reduced PDCCH monitoring
In NR normal UE, a number of BDs and CCEs are specified to limit UE processing complexity and save power. For NR RedCap UE, it is natural to have smaller number of BDs, not only due to the power saving but also for the complexity. During the evaluation, Reduced PDCCH monitoring do shows power saving gain. In addition, the performance impact is small and is most to RedCap UE, which is acceptable for the type of device.  

The existing Rel-15/Rel-16 PDCCH monitoring configuration is not sufficient to ensure both power saving and complexity reduction in terms of PDCCH monitoring. Thus, the minimal specification work of small BDs should be included in the Scope. We can also consider some additional small specification impacts, including reducing DCI size budget, modification to DCI size alignment rule, modification to PDCCH candidates dropping rule.
Proposal 3:  In the RedCap UE WI scope, reduced PDCCH Blind Decodes is specified.
4 Coverage Recovery
During the coverage recovery study, several potential recovering channels are found in the observations. 

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 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:

· [1 dB] for PDCCH CSS

· [2-3 dB] for Msg4
· [5-6 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 

PUSCH and Msg3 were also to be enhanced in coverage enhancement SI based on study of that item. To reduce duplicated work, they can be enhanced in CE WI. If the gap of enhancement is too large, we can also consider enhancing them in different WI with different Target.
For the DL channels, the observation is all drawn under lower DL PSD. We need to be further confirm by the network operators in determining the scope of RedCap. If the 24dBm PSD is needed in deployment, those DL channels should be enhanced. 
5 Conclusion

In this contribution, we discussed on WI of RedCap UE. We suggest considering the study of RedCap is closed at least for RAN1. For the specification work, we propose:
Proposal 1:  In the RedCap UE WI scope, 1Rx is supported as baseline for both TDD and FDD bands in FR2.

In case of 2Rx RedCap UE, 2 MIMO layer is assumed.

Proposal 2:  RAN decides if WI can include HD-FDD type A and relaxed UE processing time of N1/N2 for RedCap UE.

Proposal 3:  In the RedCap UE WI scope, reduced PDCCH Blind Decodes is specified.
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