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1	Introduction
[bookmark: _Hlk94878371]Massive MIMO is one of the defining features of 5G NR system. For example, 5G without massive MIMO radio unit has similar spectral efficiency with LTE from SK telecom’s field measurement result in [1] (only 6% gain without massive MIMO, 31% gain with massive MIMO). Due to this importance, WI for NR MIMO technology enhancement has been continuously progressed since Rel-15. 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, the number of antenna ports in a 5G radio unit and the candidate frequency for future 5G deployment are continuously increasing. For example, the mainstream of mid-band TDD 5G radio market is already shifted from 32TRx to 64TRx radio due to its huge performance gain when the channel reciprocity based beamforming (i.e., SRS) is available.
In this contribution, we discuss several situations that “SRS based beamforming” is not available even in the TDD band and issues that occur in the latest massive MIMO radio unit (i.e., 64TRx radio) without “SRS” due to the current specification limit (i.e., 32 ports CSI-RS at maximum). Finally, we propose the candidate specification topics for Rel-19 MIMO WI to solve these issues.
[bookmark: _Ref178064866]2	Discussion
2.1	Challenges on “SRS based beamforming” in the TDD band
Considering typical UL data and SRS receiver structure in base station as shown in Figure 1, it is clear that the huge beamforming gain of massive MIMO radio cannot be utilized in SRS estimation.
[Figure 1. Different receiver structure of UL data and SRS in base station]
[image: ]
If we assume one layer transmission in UL, N Ports UL data signals should be combined to 1Rx signal in base station at the end (it can be one or multiple steps). With the proper selection of combining weights W, large beamforming gain can be achieved in UL data channel (e.g., max ~10*log10 (N/2), 15dBi when N= 64). However, SRS still requires individual estimation for each ports with no Rx combining gain since the purpose of receiving SRS in base station is to obtain channel state information of ‘each antenna ports’ in base station.
Therefore, UL data reception is still possible even at a distance where SRS reception is difficult. From SK telecom’s field measurements, quite large 5G coverage is maintained even if SRS is released. Also, SRS is released at the same pathloss regardless of the type of radio equipment (e.g., same -130dB pathloss for 32TRx and 64TRx radio).
Observation 1. SRS is not available when UE is at cell edge since the beamforming gain of massive MIMO radio cannot be utilized in SRS estimation due to the inherit purpose of SRS receiving (i.e., channel estimation of each antenna ports)
For EN-DC with NR CA scenario, 5G coverage without “SRS” is much larger compared to EN-DC with single NR carrier as shown in Figure 2.
[Figure 2. 5G coverage without “SRS” for EN-DC with NR CA scenario]
[image: ]
Current CA/DC specification allow only up to two uplink simultaneous carriers (ex. one in LTE, one in NR). Therefore, “SRS” is not available in some NR TDD carriers for EN-DC with NR CA scenario even at the center if SRS carrier switching is not used in base station and UE. Of course, the situation is the same even in SA when CA among three or more NR TDD carriers are considered.
From technical point of view, SRS carrier switching can be one solution to address this issue. However, each switching operation will interrupt traffic on the serving cell while the UE switches to an SCell to perform an SRS transmission. With multiple carriers configured in CA, the traffic interruption and delay in obtaining reciprocity channel estimates becomes prohibitively long.
Observation 2. For EN-DC with NR CA or SA with three or more NR TDD carriers, SRS is not available in some NR TDD carrier even at cell center since current CA/DC specification allow only up to two uplink simultaneous carriers at a time.
Also, the limited capacity of SRS resources is another issue on “SRS based beamforming” in the TDD band. One of globally wide-used mid-band NR TDD pattern is ‘4:1 (DDDSU)’ with 2.5ms periodicity and 10:2:2 special slot format (DL : Guard : UL symbols). 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 [2]. Therefore, 10ms is the minimum time for SRS transmit antenna switching (TAS) operation for 1T4R UE under this TDD pattern without additional symbols allocation for SRS in U Slot which results UL throughput degradation.
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 [3]. Also, all of these cyclic shifts cannot be used simultaneously to maintain orthogonality between different SRS resources in practical propagation environment. Table 1 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 1. 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


As a result, if there are more than 8 or 16 UEs in a cell, some UEs must fallback to PMI based DL beamforming (i.e., 32 ports CSI-RS codebook) even if new 64T64R radios are installed in that cell and area.
Observation 3. SRS based beamforming is not available in some UEs if there are more than 8 or 16 UEs in a cell for ‘DDDSU’ TDD pattern with 10:2:2 special slot format (globally wide-used)
In summary, there are many cases that “SRS based beamforming” is not available even in the TDD band.
2.2	Issues in massive MIMO radio without “SRS”
The key motivation of 64TRx massive MIMO radio deployment in the market is its enhanced vertical beam steering capability for high-rise scenario in urban as shown in Figure 3.
[Figure 3. Vertical beam steering capability comparison of 64/32TRx massive MIMO radio]
[image: ]
However, if SRS is not available, this enhanced vertical beam steering capability of 64TRx radio cannot be fully utilized. Under current maximum 32 ports CSI-RS limitation, it is clear that two antenna ports in 64TRx radio should be assigned to the same CSI-RS port (e.g., two ports in vertical are assigned to one CSI-RS port) and the number of ports for digital beamforming is reduced by half (i.e., 64 → 32). As a result, for PMI-based beamforming without SRS, vertical beam steering range of new 64TRx radio is reduced to the same as that of old 32TRx radio which is resulting in some performance degradation at edge area.
From SK telecom’s field measurement in n78 (3.5GHz), 64TRx radio provides significant DL throughput gain over 32TRx radio if SRS is available. However, there is no performance difference if SRS is released.
[Figure 4. DL performance comparison of 32/64 TRx radio (Tx Power: 50.2/52dBm)]
[image: ]
Observation 4. Under current 32 ports CSI-RS limitation, new 64TRx radio has an issue on reduced vertical beam steering capability which is resulting in similar DL performance with old 32TRx radio when SRS is not available.
The situation gets worse in more higher FR1 band (e.g., 4.7GHz, 6GHz) which is expected to use electrically more large massive MIMO radio unit (i.e., increased number of antenna elements and ports, roughly 2~4 times) to overcome increased pathloss. Under current CSI-RS codebook configurations in Table 2, there is no way to do digital beamforming in vertical direction for the massive MIMO radio with 16 columns (i.e., N1 = 16, N2 = 1).
[Table 2. Supported configurations of [image: ]and [image: ] for Type 1 Single Panel]
	Number of 
CSI-RS antenna ports, [image: ]
	[image: ]
	[image: ]
	N1*O1
(Horizontal Beams)
	N2*O2
(Vertical Beams)
	Total
PMI beams

	4
	(2,1)
	(4,1)
	8
	1
	8

	8
	(2,2)
	(4,4) 
	8
	8
	64

	
	(4,1)
	(4,1)
	16
	1
	16

	12
	(3,2)
	(4,4)
	12
	8
	96

	
	(6,1)
	(4,1)
	24
	1
	24

	16
	(4,2)
	(4,4)
	16
	8
	128

	
	(8,1)
	(4,1)
	32
	1
	32

	24
	(4,3)
	(4,4)
	16
	12
	192

	
	(6,2)
	(4,4)
	24
	8
	192

	
	(12,1)
	(4,1)
	48
	1
	48

	32
	(4,4)
	(4,4)
	16
	16
	256

	
	(8,2)
	(4,4)
	32
	8
	256

	
	(16,1)
	(4,1)
	64
	1
	64


Observation 5. Under current 32 ports CSI-RS codebook structure, there is no way to do digital beamforming in vertical direction for the massive MIMO radio unit with 16 columns which is expected used in more higher FR1 band (e.g., 4.7GHz, 6GHz).
Also, in market, there are many 5G base stations that do not support DMRS based UL combining (i.e., 64Rx to 1Rx) for PUSCH and alternatively use SRS as the main source of UL combining weight design. For these base stations, the UL performance of new 64TRx radio is similar with that of old 32TRx radio at the cell edge where SRS quality is not sufficiently good.
From SK telecom’s field measurement in n78 (3.5GHz), 64TRx radio with SRS based UL combining method provides significant UL throughput gain over 32TRx radio at cell center and middle. However, there is no performance difference at the cell edge where SRS quality is not sufficiently good.
[Figure 5. UL performance comparison of 32/64 TRx radio (with SRS based UL combining)]
[image: ]
For these base stations, PMI can be the one alternative source of UL combining wight design for PUSCH at the cell edge. (In terms of flexibility, PMI is better than SSB beams.) However, in 64TRx radio, PMI still has vertical beamforming flexibility problem due to current maximum 32 ports CSI-RS limitation.
Observation 6. For the base stations with SRS based PUSCH combining, the UL performance of 64TRx radio is similar with 32TRx radio at the cell edge. Under current 32 ports CSI-RS limitation, it cannot be properly handled even if we are considering the PMI based UL combining method at the cell edge.
In summary, without SRS, there are many issues that occur in the latest massive MIMO radio unit (i.e., 64TRx radio) due to the current specification limit (i.e., 32 ports CSI-RS at maximum).
2.3	Potential Solutions
The straightforward solution is to extend the number of CSI-RS ports beyond 32 (e.g., 64 ports) and define associated Type I codebook (e.g., (N1,N2)={(8,4), (16,2)}). It is clear and simple to understand.
One possible alternative approach to address this issue is to implement “hybrid beamforming” for >32TRx massive MIMO radio in FR1 as we do in FR2 (i.e., transmitting multiple narrow beamformed SSB/CSI-RSs and tracking the best beam based on the additional UE feedbacks: SSBRI and/or CRI).
However, there is one clear difference with FR2 in deployment perspective: the existing 64TRx radio in FR1 already support full digital beamforming using all antenna ports in the radio when SRS is available. The fronthaul capacity reduction is the biggest motivation for introducing “hybrid beamforming” in FR2 even if there is some flexibility loss and additional overheads for beam tracking. However, it is not the case for 64TRx radio in FR1.
Observation 7. There is no fronthaul capacity issue for performing full digital beamforming using 64TRx radio in FR1 which is the biggest motivation for introducing “hybrid beamforming” in FR2.
3 Conclusion
There are many cases that “SRS based beamforming” is not available even in the TDD band as in below.
Observation 1. SRS is not available when UE is at cell edge since the beamforming gain of massive MIMO radio cannot be utilized in SRS estimation due to the inherit purpose of SRS receiving (i.e., channel estimation of each antenna ports)
Observation 2. For EN-DC with NR CA or SA with three or more NR TDD carriers, SRS is not available in some NR TDD carrier even at cell center since current CA/DC specification allow only up to two uplink simultaneous carriers at a time.
Observation 3. SRS based beamforming is not available in some UEs if there are more than 8 or 16 UEs in a cell for ‘DDDSU’ TDD pattern with 10:2:2 special slot format (globally wide-used)
Without SRS, there are many issues that occur in the latest massive MIMO radio unit (i.e., 64TRx radio) due to the current specification limit (i.e., 32 ports CSI-RS at maximum).
Observation 4. Under current 32 ports CSI-RS limitation, new 64TRx radio has an issue on reduced vertical beam steering capability which is resulting in similar DL performance with old 32TRx radio when SRS is not available.
Observation 5. Under current 32 ports CSI-RS codebook structure, there is no way to do digital beamforming in vertical direction for the massive MIMO radio unit with 16 columns which is expected used in more higher FR1 band (e.g., 4.7GHz, 6GHz).
Observation 6. For the base stations with SRS based PUSCH combining, the UL performance of 64TRx radio is similar with 32TRx radio at the cell edge. Under current 32 ports CSI-RS limitation, it cannot be properly handled even if we are considering the PMI based UL combining method at the cell edge.
There is one clear difference with FR2 in deployment perspective: the existing 64TRx radio in FR1 already support full digital beamforming using all antenna ports in the radio when SRS is available.
Observation 7. There is no fronthaul capacity issue for performing full digital beamforming using 64TRx radio in FR1 which is the biggest motivation for introducing “hybrid beamforming” in FR2.

Based on the discussion in the previous sections we propose the following:
1. Extend the number of CSI-RS ports beyond 32 in the scope of Rel-19 MIMO WI
0. [bookmark: _Toc136275302]Support CSI-RS resource beyond 32 ports (e.g., 64 ports) 
0. [bookmark: _Toc136275303]Support associated Type I codebook (e.g., (N1,N2)={(8,4), (16,2)})
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