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Introduction
In RAN#86 Meeting, the study item of “New SID on support of reduced capability NR devices” was approved for Rel-17 SI [1]. Based on the approved SID, following objective on the coverage recovery will be discussed in this contribution.
	Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 


Discussion on coverage recovery
There are following objectives related to the reduction of UE capability in the SID description. 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
Due to the reduced capability of a RedCap UE, the performance loss of coverage will be easily expected e.g. reduced UE BW (100MHz -> 20MHz), reduced number of Rx/Tx antennas (4Rx-> 1 or 2Rx), device complexity reduction and so on. Therefore, the coverage recovery mechanism should be studied and evaluated during the SI phase, in order to identify how much performance loss or coverage reduction are shown for RedCap NR devices in both DL and UL physical channels/signals/messages, compared to a Rel-15 legacy NR UE.
1.1. Potential coverage recovery mechanism
In RAN1#101e-meeting, it was agreed to consider the reduced UE BWs and the antenna configurations for further evaluations as shown in relevant agreements[2]. Those assumptions for the RedCap UE will bring in challenge to the DL/UL coverage since it is expected to reduce at least antenna diversity gain from the reduced Tx/Rx antennas as well as the frequency selective scheduling gain from the reduced UE BW. Therefore, some coverage recovery mechanism should be found to recover the performance loss to the similar performance as in Rel-15 legacy UE in the same circumstance. 
	Agreements: 
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
Agreements:
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.


For the potential coverage recovery mechanism, we already have some existing techniques specified in LTE and NR. Especially for LTE MTC and NB-IoT technologies, the coverage enhancement has been achieved by mostly the repetition, frequency hopping, Tx/Rx diversity, higher power class, power/PSD boosting, bundling and so on. Furthermore, for NR (e.g. slot aggregation) and NR URLLC(e.g. compact DCI, higher reliable MCS table), the solutions for higher reliability can also be beneficial to consider for better coverage. Those legacy features for the coverage enhancement can be a good starting point as the potential coverage recovery mechanism for RedCap devices. However, it should be noted that objectives of the RedCap. SI is not a LPWA feature. Therefore, some appropriate coverage recovery mechanisms should be only considered for RedCap. devices which may differ from legacy LPWA devices and environments. Followings are our high-level view on some potential coverage recovery mechanisms since it is desired to focus on potential coverage recovery scheme with low cost and low complexity.
· Repetition for downlink/uplink channels: as in MTC/NB-IoT, the repetition of control/data/common channels in time domain can be considered because it brings in low cost and low complexity with cost of longer delay. In NR, slot aggregation is already supported for both PDSCH and PUSCH, and PUCCH repetition is also supported. So, it would be desirable to reuse those existing features as much as possible with some modification if necessary, while for the other remaining channels including PDCCH, PRACH, PBCH and common channels (e.g. Msg.2/3/4) the repetition scheme need to be considered.
· Frequency hopping: it is expected that the maximum RedCap. UE BW will be less than the that of legacy NR UE. Therefore, the operating UE BW will be limited to a smaller bandwidth and thus, frequency diversity as well as frequency selective gain from a larger operating UE BW can not be achieved, impacting the performance of all physical channels/signals. In this case, it should be desirable to adopt the frequency hopping in different time instances and the repetition discussed above can be together co-operated for better performance. So, in order to support the frequency hopping for RedCap devices, it should be evaluated that how many symbols are consumed for the RF retuning time. Since LTE-MTC has 1 or 2 OFDM symbols for the RF retuning time for frequency hopping across different narrowband in different time instances, it can be a good reference for RedCap NR.
· Power/PSD boosting: in case of downlink, gNB can use more power on the DL transmission or concentrating Tx power into a reduced BW. So, this will provide better DL performance without increasing UE cost/complexity. However, in case of uplink, it should be carefully considered to use that due to the requirements on RedCap. NR devices.
· DMRS bundling in time domain: DMRS bundling can be considered for better channel estimation performance. Given that it may be assumed to use time domain extension of DL/UL transmissions for coverage recovery, there will be a chance to use joint channel estimation across slots to obtain better BLER performance and thus coverage recovery. So, it should be studied which physical channels can support DMRS bundling (e.g. PDSCH/PUSCH, PDCCH, PUCCH)
It is noted that depending on the channels and/or messages, only limited or some coverage recovery mechanism can be considered together with Redcap UE capability and target performance/coverage. Following table shows our initial view on potential solutions per different physical channels.
	Channel
	Potential solution for coverage recovery

	SS-PBCH block, SIBs and paging
	· The acquisition time for SS-PBCH block and SIBs can be relaxed and thus longer acquisition time for coverage recovery

	PRACH and Msg.2/3/4
	· Use PRACH repetition per one preamble transmission trial
· Use frequency hopping per one PRACH transmission instance
· Use repetition and/or hopping for Msg.2/3/4, depending on adopted PRACH repetition/frequency hopping scheme

	PDCCH
	· Use compact DCI (based on Rel-16 compact DCI)
· Use time repetition/frequency-hopped CORESET
· Consider DMRS bundling

	PDSCH
	· Use slot aggregation
· Consider DMRS bundling

	PUCCH
	· Use PUCCH repetition with inter-slot hopping
· Use Longer PUCCH format

	PUSCH
	· Use slot aggregation
· Use frequency hopping


Based on the discussion above, we propose the following:
Proposal 1. It is proposed that RAN1 should study potential mechanism for coverage recovery including repetition, frequency hopping, power/PSD boosting and DMRS bundling in time domain for all uplink and downlink physical channels/signals/messages.

Summary and conclusions
In this contribution, we discuss the potential solutions of coverage recovery for Redcap NR devices. We have following proposal:
Proposal 1. It is proposed that RAN1 should study potential mechanism for coverage recovery including repetition, frequency hopping, power/PSD boosting and DMRS bundling in time domain for all uplink and downlink physical channels/signals/messages.
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