Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG RAN Meeting #99	RP-230164
Rotterdam, Netherlands, March 20-23, 2023

Agenda Item:	9.3.1.4
Source:	SK Telecom
Title:	Views on NR MIMO evolution for Rel-19 NR
Document for:	Information
1	Introduction
[bookmark: _Hlk94878371]Massive MIMO is one of the key technologies which enables mid-band TDD NR can provides 3~4 times spectral efficiency compared to low-band FDD LTE in commercial deployment [1]. Therefore, WI for NR MIMO technology enhancement has been continuously progressed since Rel-15.
In Rel-16/17, many NR MIMO features were investigated and specified with a focus on DL performance improvement (e.g., Type II CSI overhead reduction, Multi-TRP operation) and the ongoing Rel-18 WI MIMO Evolution for Downlink and Uplink includes some features for UL performance improvement also (e.g., 8Tx UL operation targeting CPE/FWA/vehicle/Industrial devices) [2]. However, the maximum number of CSI-RS ports is still limited to 32 which is the same as in Rel-15.
At the same time, mainstream of mid-band 5G radio market is shifting from 32T32R radio to 64T64R radio which has higher antenna gain and more wide vertical beamforming capability with channel reciprocity. As a telecommunication operator who are deploying lots of 64T64R radio equipments in commercial network, the most important aspect of NR MIMO evolution is to maximize performance of 64T64R Massive MIMO radio equipment in live network.
In this paper, we discuss NR MIMO evolution aspects related to 64T64R Massive MIMO radio equipment.
[bookmark: _Ref178064866]2	Discussion
Massive MIMO can increase user throughput and network coverage using multi-antenna technologies such as DL beamforming, UL Rx combining and spatial multiplexing (MIMO) for both DL and UL. Recently, to maximize 5G performance in the mid-band, 64T64R massive MIMO radio equipments are introduced by many network infrastructure vendors and deployed in commercial network by many operators.
Typically, 64T64R massive MIMO configuration has doubled antenna ports on vertical direction compared to legacy 32T32R configuration. By combining this increased vertical beamforming flexibility and advanced beamforming techniques based on channel reciprocity, 64T64R radio provides significant gain over 32T32R radio in urban area with high-rise building (e.g. ISD = 150 ~ 300m, cell width and height are comparable).
For example, SK telecom’s driving test (~30km/h) conducted by switching previous 32T32R radios to new 64T64R radios in urban area shows 64T64R radio has 6~22% gain compared to 32T32R radio depends on RF condition. Note that since 64T64R radio has more high antenna gain and Tx power, RSRP increases by +4dB at the same location by replacing 32T32R radios to 64T64R radios itself. Also, SRS-based channel estimation and DL beamforming method are used for both 32T32R and 64T64R radio.
[Table 1. Field Test: 64T64R vs 32T32R radio with reciprocity based beamforming (ISD = 300m)]
	Location
	32T32R Radio
	64T64R Radio
	DL T-put

	
	RSRP (dBm)
	RSRP (dBm)
	Gain (%)

	Center
	-70 ~ -79
	-66 ~ -75
	5.70%

	Middle
	-80 ~ -89
	-76 ~ -85
	11.78%

	Edge
	-90 ~ -99
	-86 ~ -95
	21.64%



Observation 1. In mid-band, 64T64R Massive MIMO radio has become a mainstream equipment in urban area due to its high performance.

Even if the 64T64R radio has significant potential gain with reciprocity based beamforming, the limited capacity of SRS allocation limits its performance in real network. One of globally wide-used mid-band NR TDD pattern is ‘4:1 (DDDSU)’ with 2.5ms periodicity and 10:2:2 (DL:Guard:UL symbols) special slot format. Considering 15µs transient period between SRS and PUSCH transmission, only one UL symbol (i.e., 13th symbol) in S slot can be used for SRS transmission at UE [3].
Therefore, if we do not allocate an additional SRS symbol in U Slot to avoid UL throughput degradation issue, 10ms is the minimum time for SRS transmit antenna switching (TAS) operation for 1T4R UE. Currently, SRS resource for antenna switching has two options in transmission comb structure: n2, n4 and possible cyclic shifts are 0~7 and 0~11 for comb n2 and n4, respectively [4]. Also, all of these cyclic shifts cannot be used simultaneously to maintain orthogonality between different SRS resources in practical propagation environment. Table 2 shows possible configurations for 10ms TAS operation with 1T4R UE in live network and the number of SRS TAS based beamforming UEs in a cell for each configurations.

[Table 2. Maximum 10ms TAS UEs in a cell (4:1 TDD Pattern, 1T4R UE)]
	UE Capability
	Periodicity
	Band
	Comb (comb offset)
	Cyclic shift
	Maximum 10ms TAS UEs in a cell

	1T4R
	sl20
	272RB (full-band)
	n4 (0,1,2,3)
	0/6
	8 UE

	1T4R
	sl20
	272RB (full-band)
	n4 (0,1,2,3)
	0/3/6/9
	16 UE



Observation 2. Practically, the number of 10ms TAS based beamforming UEs in a cell is limited by 8 ~ 16 for ‘DDDSU’ TDD Pattern with 10:2:2 special slot format (globally wide-used)

As a result, if there are more than 8 or 16 UEs in a cell, some UEs must fallback to 32 ports CSI-RS based DL beamforming operation even if new 64T64R radios are installed in that cell and area. This fallback give us huge DL performance degradation.
For example, SK telecom’s driving test (~30km/h) in dense urban area with reciprocity based beamforming feature on and off shows 32 ports CSI-RS based DL beamforming has -5 ~ -28% performance loss compared to 10ms TAS based DL beamforming depends on RF condition.

[Table 3. Field Test: 32 port CSI-RS vs 10ms TAS based beamforming (same 64T64R radio, ISD = 150m)]
	Location
	64T64R Radio
	DL T-put

	
	RSRP (dBm)
	Degradation (%)

	Center
	-51 ~ -59
	-5.2%

	Middle
	-60 ~ -69
	-19.5%

	Edge
	-70 ~ -79
	-27.8%



Observation 3. 32 Ports CSI-RS based beamforming has -5 ~ -28% performance loss compared to reciprocity based beamforming in same 64T64R Massive MIMO radio.

One of reason for this performance degradation is ‘current maximum 32 ports CSI-RS limitation’ which is the same as in Rel-15. When we use the 32 ports CSI-RS beamforming method in 64T64R radio, it is clear that two physical antenna ports should be assigned to the same CSI-RS port (e.g., vertical or horizontal CSI-RS sub-array) likes below figure.
[Figure 1. Example of logical ports configuration of 64T64R Radio for each beamforming method]
[image: ]

[bookmark: _GoBack]This sub-array structure for codebook based beamforming imposes two limitations on new 64T64R radio equipment: i) same beamforming flexibility with 32T32R radio in vertical (or horizontal), ii) narrower beamwidth in vertical (or horizontal) which is resulting in some performance degradation at edge area.

Observation 4. Under current maximum 32 Ports CSI-RS limitation, new 64T64R Massive MIMO radio’s beamforming flexibility cannot be fully utilized for large number UEs in a cell.

3	Conclusion
Based on the discussion in the previous sections we propose the following:
1. Support of 64 Ports CSI-RS and related codebook should be considered for Rel-19 NR MIMO evolution.
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