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1 Introduction

In RAN#86, a new SID to support reduced capability NR devices is approved [1]. One of the objectives of the study is to:

Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

· 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 
During RAN1#101-e, the discussion was started from high level evaluation methodology. During the discussion, companies expressed different understanding about some aspects in the SID. It is evident that for further progress of the SID in the WG, some clarification about these aspects are needed.
2 Discussions

In the discussion of the SID, to eliminate the overlap with LPWA work items and reduce the scope, the SID includes the following requirement regarding device complexity:
· Device complexity:

· Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors.

· The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.

· In case of UE bandwidth reduction, Rel-15 SSB bandwidth should be reused and L1 changes minimized

In TS36.306, there are several aspects for definition of LTE cat 1bis UE, including the following is specified regarding the bandwidth support for UE category 1bis:
	UE DL Category
	UE UL Category
	UE categories
	Maximum UE channel bandwidth [MHz]

	DL Category M1
	UL Category M1
	N/A
	1.4

	DL Category M2
	UL Category M2
	N/A
	5

(NOTE 2)

	DL Category 0
	UL Category 0
	N/A
	According to maximum channel bandwidth specified per band in TS 36.101 [6].

	DL Category 1bis
	UL Category 1bis
	Category 1 (NOTE 1)
	

	DL Category 4
	UL Category 5
	Category 4
	

	DL Category 6
	UL Category 5
	Category 6, 4
	

	DL Category 6
	UL Category 16
	Category 6, 4

DL Category 6 and UL Category 5
	

	…..
	……
	……
	


From the table the maximum UE channel bandwidth is same to other higher category level and is according the maximum channel bandwidth specified per band in TS36.101. In TS 36.101, this bandwidth is defined as 20 Mhz.  In our understanding, 'The lowest capability considered should be no less than an LTE Category 1bis modem' should cover all the aspects of UE category for cat 1bis, including maximum supported maximum. Since the UE bandwidth of LTE category 1bis is 20 MHz, this implies that the UE bandwidth of reduced capability NR devices should be no less than 20 MHz. Furthermore, considering that L1 changes should be minimized, the bandwidth of reduced capability NR devices should be a subset of Rel-15 UE bandwidth such as 20 MHz for FR1. This is also in line with the original intention of limiting the scope of study so it can be finished within the planed time frame.
Proposal 1: RAN clarifies that the minimal bandwidth of ReCap UE should be no less than the bandwidth LTE category 1bis UE. 

Regarding UE power consumption, the SID includes the following objectives:
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 

· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
It is obvious that the focus on power saving in this study is limited to reduce PDCCH monitoring via small number of blind decoding and CCE limits so there's no overlapping with the UE power saving WID in rel-17. In Rel-16 power saving WID, features for UE power saving were specified. It is noted that during RAN1 #101-e, some contribution discussed also similar power saving techniques for Redcap UE. Considering these techniques already have been carefully studied in Rel-16, there is no need to re-invent the wheel and discuss them again. 

To better utilize the specified rel-16 power saving features for RedCap UE, the RedCap UE can utilize as much legacy power saving features as possible. Therefore, the following Rel-16 UE power saving feature (lists in Table 1) should be supported by RedCap UE. Considering the actual progress of the e-meeting, it is suggested no further enhancement of these features in this study.
	19-1
	DRX Adaptation 
	· Configured PS_offset for the detection of  DCI format 2_6  with CRC scrambling by PS-RNTI and reported minimum time gap before the start of drx_onDurationTimer
· Indication of UE whether  or not to start drx_OnDuration timer for the next DRX cycle by detection of DCI format 2_6

· Configured UE wakeup or not when DCI format 2_6 is not detected at all monitoring occasions outside Active time
· Configured  periodic CSI report apart from L1-RSRP when  impacted by DCI format 2_6 that drx_OnDurationTimer does not start for the next DRX cycle

· Configured periodic L1-RSRP report when  impacted by DCI format 2_6 that drx_OnDurationTimer does not start for the next DRX cycle



	19-2
	Cross Slot Scheduling
	· Dynamic indication of applicable minimum scheduling restriction by  DCI format 0_1 and 1_1

· minimumSchedulingOffset K0 configuration for PDSCH and aperiodic CSI-RS triggering offset

· minimumSchedulingOffset K2 configuration for PUSCH

 

	19-3
	Maximum MIMO Layer Adaptation
	1.     Support of maximum number of MIMO layer configuration  per DL BWP

	19-4a
	UE assistance information
	Support of reporting preferred minimum K0/K2 via UE assistance information

· 15kHz/30kHz SCS: {1, 2, 4, 6} slots

· 60kHz/120kHz SCS: {2, 4, 8, 12} slots

 


Table 1
Proposal 2: Rel-16 UE power saving feature FG 19-1, FG 19-2, FG 19-3, FG 19-4a should be supported by the RedCap UE.
Regarding coverage recovery, the SID also include the following objects 
 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. 
This is because due to the cost/complexity reduction features implemented for RedCap UE, the coverage maybe affected.For example, if RX antenna number of the reduced capability (RedCap) NR UE is reduced to 2 or 1 for the purpose of reducing the UE complexity/cost, the receiver array gain is decreased and then the DL coverage will be reduced compared with that of legacy NR UEs.  
However, there could be two possible understanding of the objective above. The first possible explanation of the coverage recovery objective is to compensate the coverage reduction per DL/UL channel. It means that the coverage recovery level only depends on the coverage reduction level caused by the actual UE complexity reduction features that are used for the channel. 
The second explanation of the objective is to recover only the MCL of the limiting channel. In TR 37.910,based on the link budget results, it can be seen that the Maximum Couple Loss (MCL) of each NR UL/DL channel are different and the MCL are still different even for the same channel but with different scenarios (InH-eMBB/DU-eMBB/Rural-eMBB, slots configuration, LOS/NLOS, O-to-I or not). For example, in scenario of DU-eMBB (4GHz, NR DDDSU), the MCL for each NR channel is listed in Table 2.
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Table 2: MCL for legacy NR  

From Table 2, it can be seen that, 

· For NLOS, the coverage limiting channel is NR PUSCH with MCL=126.17dB;

· For NLOS O-to-I, the coverage limiting channel is NR PUSCH with MCL=117.93dB;

· The MCL for DL channels (NR PDSCH and NR PDCCH) are much larger than that of the limiting channel
· The maximum coverage radius of NR deployment is restricted by the limiting channel.
For RedCap NR UE, if certain complexity reduction features (such as reduced RX antenna number) are used for DL channels, the DL coverage radius will be reduced accordingly due to the decrease of receiver array gain. Assuming that RX antenna number is reduced from 4 to 1, the decrease of receiver array gain is around 6 dB. The MCL for DL channels for RedCap NR UE is listed in Table 3.
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Table 3: MCL for legacy NR and RedCap NR UE 
From Table 3, it can be seen that the limiting channel for RedCap NR UE is still PUSCH. This means that in this scenario, even if no coverage recovery scheme is designed for DL channels, the maximum coverage radius for RedCap NR UE is still restricted by PUSCH. In other words, the overall coverage for RedCap NR UE will not be reduced compared with that for legacy NR.

Therefore, the coverage recovery target based on the two explanation is different. Based on the second explanation, if MCL of the limiting channel for RedCap NR UE is not less than that for legacy NR, the coverage recovery for RedCap NR UE is not necessary; otherwise, some solutions should be introduced to compensate the coverage reduction for some DL/UL channel until the MCL of the limiting channel of channel/signal is no ness than that of the legacy NR system. In other words, the compensation target is to achieve the same MCL as NR for the limiting channel. 
From the system performance perspective, it seems the second explanation is more reasonable. Also, considering the actual progress of the e-meeting, this will make sure the SID’s scope is more manageable so the SID can be finished in the original time frame.
Proposal 3: RAN clarifies between the objectives of RedCap coverage recovery is not to recover the coverage loss due to complexity reduction for each channel, but to achieve same MCL for the limiting channel of legacy NR . 
3 Conclusions

In this contribution, we share our views regarding the Rel-17 normative work of reduced capability NR devices. It is proposed that:

Proposal 1: RAN clarifies that the minimal bandwidth of ReCap UE should not be less than the bandwidth LTE category 1bis UE. 

Proposal 2: Rel-16 UE power saving feature FG 19-1, FG 19-2, FG 19-3, FG 19-4a should be supported by the RedCap UE.

Proposal 3: RAN clarifies between the objectives of RedCap coverage recovery is not to recover the coverage loss due to complexity reduction for each channel, but to achieve same MCL for the limiting channel of legacy NR . 
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