3GPP TSG RAN WG1 #104b-e             	                                      R1-2103247
e-Meeting, April 12th – April 20th, 2021
Agenda Item:		8.6.1.2
Source:			Samsung
Title:			Discussion on reduced number of RX branches for RedCap UEs
Document for:		Discussion and decision
1 Introduction
In RAN1#104 e-meeting [1], the following agreements were made for :
Agreements:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking 
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)

Agreements:
· The MCS tables currently defined are re-used for RedCap UEs
· FFS which MCS table is the default one for RedCap (i.e., the default one for non-RedCap UEs or the one with low SE entries)
· FFS mandatory/optional of the MCS tables
· Note: there is no new MCS table to be introduced for RedCap UEs

This contribution discusses the support of reduction number of RX braches and necessary enhancements to PDCCH for RedCap devices.

2 Support of reduced minimum number of Rx branches

Indication of reduced RX branches
RedCap UE is mandatory to support same DL MIMO layer as the number of Rx branches. Information related to the reduction of the number of antenna branches can be known by NW implicitly based on UE capability report of maximum number of DL MIMO layers. FeatureSetDownlinkPerCC included maxNumberMIMO-LayersPDSCH is used to indicate the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. After UE capability report, gNB can configure the maximum number of MIMO layers restricted by UE capability of maximum DL MIMO layers, which can be supported by current specification. The maximum number of MIMO layers, Lmax, can be either configured per cell (by PDSCH-ServingCellConfig for DL) by higher layer signalling, which is used for all BWPs of the serving cell, or per BWP (by maxMIMO-Layers-r16 for a specific DL BWP). 
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Same principle can be reused to indicate the reduced minimum number of Rx branches for RedCap UEs. The applicable value for FeatureSetDownlinkPerCC can be extended from {twoLayer, fourLayer, eightLayers} to {oneLayer, twoLayer, fourLayer, eightLayers}. For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2Rx or 4RX branches, a RedCap UE can report the support of one or two MIMO layer for the support of one or two Rx branches.

Proposal 1: Support UE capability report the number of  MIMO layer to indicate the number of Rx branch for RedCap UE. 

FR2
Single Rx or two Rx branches are supported for FR 2 for a RedCap UE. For RedCap UE with single Rx, circular polarization antenna can be assumed, since it is expected to have similar cost/size compared with linear polarization, or dual polarization with single RF chain. With circular polarization antenna, UR can receive DL signal from any dimension, i.e., no matter gNB transmit DL signal with any polarization. For uplink, UE can transmit UL signal with circular polarization.  There is no issue for gNB to receive it. Since RedCap UE is a low complexity UE, it is not assumed to have multiple panels. Even if a RedCap UE have the capability to support multiple panels, the current capability report as non-RedCap UE can be re-used. 

Proposal 2:  Circular polarization antenna is assumed for FR 2 RedCap UE. No specification change is needed to support polarization report for FR2 for RedCap UEs with reduced minimum number of Rx branches.

Relaxed maximum modulation order
RedCap is not mandatory required to support 256QAM in DL for FR 1. In current NR, the support of 256QAM in DL is optionally configured to UE in specific PDSCH parameters. As well for the CQI report, different Tables are defined with and without 256QAM. Therefore, there is no additional work is expected in RAN 1 to optionally support 256QAM in DL for an FR1 RedCap UE.  In the updated WID, it allows gNB to disable the early capability report of RedCap UE. That is, gNB cannot differentiate RedCap and non-RedCap UEs during RACH procedure. Therefore, RedCap UE shall mandatory to support current default MCS table. On the other hand, scaling factor can be used for Msg 2, and smaller TBS for Msg 4 to improve DL coverage, therefore, there is no need to mandatory support  low SE MCS table. 

Proposal 3: Keep the same default MCS table for non-RedCap UE and RedCap UE. No specification change is needed to optionally support 256QAM in DL for an FR1 RedCap UE.

DCI formats
Existing scheduling DCI formats, including DCI format 0_0/1_0, DCI format 0_1/1_1 and DCI format 2_0/2_1, can bereused for RedCap UEs with reduced minimum number of Rx branches. The compact DCI based on DCI format 2_0/2_1 can help compensate the coverage loss due to reduced Rx branches. 

Proposal 4: Existing scheduling DCI formats are reused for RedCap UEs with reduced minimum number of Rx branches.

3 PDCCH Enhancements  
In this section, some enhancements to PDCCH are discussed in order to support reduced number of Rx branches as discussed in Section 2.
3.1 PDCCH blocking rate reduction 
In general, degradation of PDCCH performance is expected when reducing the number of Rx branches, which may affect the scheduling flexibility. According to simulation results in Figure 1, the coverage loss is ~6-10dB when Rx antennas reduced from 4 to 1, and ~3-6dB for Rx antennas reduced from 4 to 2 or 2 to 1. In order to compensate for the performance degradation on PDCCH resulting from a reduced number of UE Rx branches, higher aggregation levels need to be used. Given the target BLER of 0.1%, when a UE requires AL of 2, 4, 8, respectively, at RX antenna of 2, the UE will require AL of 4, 8, 16, respectively, when the RX antenna is reduced to 1. The UE can achieve minimum SNR of -3.8dB with AL of 16 for 2 RX branches, but can only achieves minimum SNR of 1dB with AL of 16 for 1 RX branches. The coverage loss on PDCCH cannot be compensated if PDCCH enhancements, such as higher AL of 36, is not supported. For AL = 1, the UE may require AL of 1 or AL of 2 when RX branches is reduced from 2 to 1. For the evaluation in Figure 2, we assume the chance that the UE still require AL of 1 is 50%. 
[image: C:\Users\qiongjie.l\Desktop\104-bis\RedCap\PDCCH_ANT.jpg]

Figure 1: Evaluation results on BLER of PDCCH 

To evaluate the impact of reduced Rx branches on PDCCH blocking rate, we assume the initial probability for legacy UEs with 2 RX branches is [0.5, 0.4, 0.05, 0.03, 0.02], [0.1, 0.2, 0.4, 0.2, 0.1], and [0.05, 0.05, 0.2, 0.3, 0.4] for ALs = [1 2 4 8 16] corresponding to good, medium, and poor coverage, respectively, according to the agreed assumptions used during RedCap SI phase [2]. The probability then become [0.25, 0.25, 0.4, 0.05, 0.05], [0.025, 0.025, 0.05, 0.2, 0.7] and [0.025, 0.025, 0.05, 0.2, 0.7], respectively, when the RX branches is reduced to 1 according to the link-level simulation results in Figure 1. Figure 2 shows the evaluate results on PDCCH blocking rate for CORESET with 20MHz (3OS, 48 RBs @SCS=30KHz) with respect to 2, 4, and 8 simultaneously scheduled UEs.
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(a)Good coverage                                                         (b)Medium coverage
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(c)Poor coverage
Figure 2: PDCCH blocking rate for RedCap UEs with CORESET of 20MHz (3OS, 48 RBs @SCS=30KHz)

According to the evaluation results in Figure 2, we observe the following

Observation 1: When RX branches is reduced from 2 to 1, PDCCH blocking rate can be increased as follow:
· In good coverage, the PDCCH blocking rate increased by approximately 6.4x, 9.9x, and 4.7x, for UE sizes of 2, 4, and 8, respectively.
· In medium coverage, the PDCCH blocking rate increased by approximately 8.2x, 3.4x, and 1.7x, for UE sizes of 2, 4, and 8, respectively.
· In poor coverage, the PDCCH blocking rate increased by approximately 3.0x, 1.5x, and 1.2x, for UE sizes of 2, 4, and 8, respectively.

Given that RedCap UEs will support a small BW, e.g. 20 MHz, if a 8-16 CCE AL is needed (equivalent to 4-8 CCE AL for 2 Rx antennas due to the ~4 dB loss for 1Rx antenna), only ~2 UEs can get scheduled as a CORESET of 3 symbols over 20 MHz (48 RBs @SCS=30KHz) provides 144 RBs and one CCE corresponds to 6 RBs. For RedCap use cases, such as industrial wireless sensors, a large number of connectivity can be expected. Using 20 MHz over 3 symbols to schedule ~2 REDCAP UEs is obviously unattractive for RedCap uses cases with the large connectivity. Also, RedCap UEs can expect moderate or high traffic, such as instance messaging or VoIP for wearables, where a large scheduling delay will be an issue. Therefore, there is a need to consider solutions for PDCCH blocking rate reduction. 

Proposal 5: Support solutions to reduce PDCCH blocking rate for RedCap UE with reduced number of RX branches.  

A simple solution to consider is compact DCI, which was supported for URLLC in Rel-16. Another potential enhancement to reduce PDCCH blocking rate is multi-TB scheduling, which is under discussion for above 52.6GHz to 71GHz. If a RedCap UE can be configured with a wider BW than the maximum UE BW, PDCCH blind decoding with frequency hopping across multiple CORESETs in different frequency locations can be considered. In this way, more PDCCH resources over a wider bandwidth can be provided to RedCap UEs, thus reduces PDCCH blocking rate. 

3.2 PDCCH link adaptation
Low spectral efficiency is another issue due to reduced RX branches. For a REDCAP use case, TB in PDSCH or PUSCH is small because of the low data rate. Given that the BLER for DCI formats is typically 10 times smaller than for TBs and that for REDCAP the TBs will not be much larger (e.g. ~10x) than the DCI format size (including CRC). The resources for PDCCH at 1% could be similar to resources for PDSCH with small TBs at 10%, which results in ~50% PDCCH overhead. 

Observation 2: Reduced number of Rx branches results in large control overhead, PDCCH blocking, and low spectral efficiency for downlink.  

Similar as eMTC, link adaptation on PDCCH can be considered to improve coverage of PDCCH with SE gain. The link adaptation SE gain for PDCCH can be observed as comparable to that for PDSCH, considering the equivalent channel. In this case, UE can be provided with RS resources for CSI measurement associated with CORESETs in different frequency locations within a BWP. To reduce resource overhead in the system, PDCCH DMRS can be reused as the RS resources for CSI measurement. 

Proposal 6: Support link adaptation on PDCCH to improve the spectrum efficiency of RedCap with reduced minimum number of Rx branches.


4. Conclusion	
This contribution considered support of reduced number of RX branches for RedCap UEs and necessary enhancements to PDCCH.  Following proposals and observation were made:

Observation 1: When RX branches is reduced from 2 to 1, PDCCH blocking rate can be increased as follow:
· In good coverage, the PDCCH blocking rate increased by approximately 6.4x, 9.9x, and 4.7x, for UE sizes of 2, 4, and 8, respectively.
· In medium coverage, the PDCCH blocking rate increased by approximately 8.2x, 3.4x, and 1.7x, for UE sizes of 2, 4, and 8, respectively.
· In poor coverage, the PDCCH blocking rate increased by approximately 3.0x, 1.5x, and 1.2x, for UE sizes of 2, 4, and 8, respectively.

Proposal 1: Support UE capability report the number of  MIMO layer to indicate the number of Rx branch for RedCap UE. 

Proposal 2:  Circular polarization antenna is assumed for FR 2 RedCap UE. No specification change is needed to support polarization report for FR2 for RedCap UEs with reduced minimum number of Rx branches.

Proposal 3: Keep the same default MCS table for non-RedCap UE and RedCap UE. No specification change is needed to optionally support 256QAM in DL for an FR1 RedCap UE.

Proposal 4: Existing scheduling DCI formats are reused for RedCap UEs with reduced minimum number of Rx branches.

Proposal 5: Support solutions to reduce PDCCH blocking rate for RedCap UE with reduced number of RX branches.  

Proposal 6: Support link adaptation on PDCCH to improve the spectrum efficiency of RedCap with reduced minimum number of Rx branches.
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Table 1: Simulation assumption for link level simulation on PDCCH

	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits

	System bandwidth/ (CORESET BW,RBs)
	20MHz (48RBs)

	Carrier Frequency
	4GHz

	Number of symbols for CORESET
	3OS

	Subcarrier spacing
	30KHz

	Aggregation level
	1, 2, 4, 8, 16

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Channel estimation
	Real

	Channel model
	TDL-C delay 300ns

	UE speed
	3 km/h

	Number of BS antennas
	1Tx

	Number of UE antennas
	1/2/4

	Residual target BLER
	10^-2 (simulate the range BLER = 1 to 10^-3)
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