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1	Introduction
In RAN#102, a new RAN4 WID for UE RF enhancements was agreed that includes specifying requirements for T6R antenna switching, where  [1]. 1T6R and 2T6R antenna switching was standardized in Rel-17. 4T6R antenna switching was discussed in Rel-17 but not agreed due, e.g., to concerns with having non-equal number of SRS ports per OFDM symbol. 3 Tx UL transmission is currently discussed in Rel-19 under AI 9.2.3 but, so far, 3T6R antenna switching is not supported.
In [2], RAN4 noted that 3T6R and 4T6R SRS antenna switching is not supported and requested RAN1 to take the following action:
ACTION: 	RAN4 respectfully asks RAN1 to consider introducing 4T6R and 3T6R SRS antenna switching in Rel-19.

In this contribution, we provide our views on 3T6R and 4T6R antenna switching.
[bookmark: _Ref178064866]2	Discussion
In the following, we consider a 6 Rx UE with Rx ports numbered from P0 to P5, as illustrated in Figure 1. 
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[bookmark: _Ref165742185]Figure 1	6 Rx UE with Rx ports numbered from P0 to P5.
For 6 Rx UEs equipped with 3 or 4 Tx chains, it may be possible, depending on UE capability/antenna-switching circuitry, to configure 2T6R antenna switching. In this case, the 6 Rx ports are sounded over 5 OFDM symbols, including 3 SRS symbols and 2 guard symbols, as shown in Figure 2. However, as we shall discuss next, supporting new antenna-switching schemes for such UEs comes with some advantages.
[image: ]
[bookmark: _Ref165742861]Figure 2	2T6R antenna switching occupying 5 OFDM symbols: 3 SRS symbols (2 SRS ports per symbol) and 2 guard symbols.
2.1	SRS antenna switching for UE with 6 Rx and 3 Tx
First, consider the case when the UE in Figure 1 is equipped with 3 Tx ports, which can be switched across the 6 Rx ports using 3T6R antenna switching spanning 3 OFDM symbols, including 2 SRS symbols and 1 guard symbol, as shown in Figure 3.
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[bookmark: _Ref165744022]Figure 3	3T6R antenna switching occupying 3 OFDM symbols: 2 SRS symbols (3 SRS ports per symbol) and 1 guard symbol.
[image: ]
[bookmark: _Ref165805312]Figure 4	3T6R antenna switching with repetition factor 2 (or half-band frequency hopping) occupying 5 OFDM symbols: 5 SRS symbols (3 SRS ports per symbol) and 1 guard symbol.
With 3T6R antenna switching, if the UE splits power equally across the configured antenna ports for SRS, as specified in TS 38.213, the maximum power per SRS port is . With existing 2T6R antenna switching, the maximum power per SRS port with linear power splitting is . However, this would require that the UE is capable of delivering  per Tx chain, which may not be supported by many 3 Tx UEs. If the UE’s power per Tx chain is limited to , 2T6R and 3T6R antenna switching achieves the same power per SRS port, but the overhead of 3T6R antenna switching (a total of 3 OFDM symbols) is smaller than the overhead of 2T6R antenna switching (a total of 5 OFDM symbols).
[bookmark: _Hlk166062821][bookmark: _Toc166252434]Without repetition, 3T6R antenna switching has smaller overhead compared 2T6R antenna switching.
SRS coverage can be improved via, e.g., repetition or frequency hopping. If 3T6R antenna switching is configured with repetition factor 2 (or half-band frequency hopping) as shown in Figure 4, a total of 5 OFDM symbols are used (same as 2T6R antenna switching) and the maximum power per SRS port is  (higher than 2T6R antenna switching).
[bookmark: _Hlk166062884][bookmark: _Toc166252435]3T6R antenna switching configured with repetition achieves higher power per SRS port compared to 2T6R antenna switching, for the same overhead.
It should also be noted that with 3 Tx ports, depending on UE antenna-switching circuitry, it may not be possible to sound all 6 Rx ports with 2T6R antenna switching. E.g., if UEs are equipped with two separate sets of Rx ports (e.g., two panels) and if the antenna-switching circuitry is such that the 3 Tx chains can be mapped to either set of Rx ports, but not split over the sets of Rx ports.
To summarize, there are some clear benefits with supporting 3T6R antenna switching for 6 Rx UEs. Since 3-port SRS transmission is currently discussed under AI 9.2.3, it seems natural to discuss how to support 3T6R antenna switching also under AI 9.2.3.  As discussed in [3], 3TR antenna switching is not presently part of the Rel-19 work for 3Tx, so support for 3T6R would be conditional on the work plan allowing for the needed time. We think a simple solution that can be done in the time available is to use the 4-port resource with one muted port that has already been agreed for a 3 Tx SRS resource in an SRS resource set with usage codebook, but this should be discussed in the 3Tx agenda item. 
[bookmark: _Toc166252438]If time is available in the Rel-19 work for 3 Tx, support 3T6R antenna switching.
2.2	SRS antenna switching for UE with 6 Rx and 4 Tx
Next, we consider the case when the UE in Figure 1 is equipped with 4 Tx ports, which can be switched across the 6 Rx ports, using, e.g., 3T6R or 4T6R antenna switching.
4T6R antenna switching is different from all existing antenna-switching configurations in that the number of Rx chains is not an integer multiple of the number of Tx chains, which makes the design not straightforward. Two possible 4T6R antenna-switching designs, Alt1 and Alt2, that was discussed in Rel-17 are shown in Figure 5 and Figure 6.
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[bookmark: _Ref165747151]Figure 5	4T6R antenna switching (Alt1) occupying 3 OFDM symbols: 2 SRS symbols (4 SRS ports in the first symbol and 2 SRS ports in the second symbol) and 1 guard symbol.
[image: ]
[bookmark: _Ref165747157]Figure 6	4T6R antenna switching (Alt2) occupying 5 OFDM symbols: 3 SRS symbols (4 SRS ports per symbol) and 2 guard symbol.
With Alt1, a non-equal number of SRS ports is sounded across OFDM symbols, i.e., 4 SRS ports in one OFDM symbol and 2 SRS ports in another OFDM symbol. In this way, 4T6R antenna switching achieves the same overhead as 3T6R antenna switching, i.e., a total of 3 OFDM symbols. However, to maintain the same power per SRS ports across SRS resources, the UE needs to back off in transmit power in the OFDM symbol with 2 SRS ports, which results in poor power efficiency. In fact, the SRS power per port is limited to , which is less compared to 3T6R antenna switching.
[bookmark: _Toc166252436]4T6R antenna switching with unequal number of SRS ports per OFDM symbol (Alt1) achieves lower power per SRS port compared to 3T6R antenna switching for the same overhead. 
With Alt2, an equal number of SRS ports is sounded in each OFDM symbol and each SRS port is sounded twice using partially overlapping SRS resources, which improves both power efficiency and SRS coverage. However, this approach has the drawback of increasing SRS overhead. In fact, the resulting overhead (a total of 5 OFDM symbols) is the same as for 2T6R antenna switching and for 3T6R antenna switching configured with repetition factor 2. Furthermore, the resulting power per SRS port (i.e., ) is not larger than the power per SRS port for 3T6R antenna switching with repetition factor 2 (i.e.,  or , depending on whether power per Tx chain is limited by  or not).  Alt 2 also requires a more complex switching pattern, since one Rx chain is associated with different SRS ports.
[bookmark: _Toc166252437]4T6R antenna switching with equal number of and partially overlapping SRS ports per symbol (Alt2) requires a more complex antenna-switching pattern but cannot achieve higher power per SRS port compared to 3T6R antenna switching configured with repetition, for the same overhead.
Based on the above discussion and observations, we cannot find a reason to change the Rel-17 conclusion regarding 4T6R antenna switching and, thus, propose the following:
[bookmark: _Toc166252439]Do not support 4T6R antenna switching in Rel-19 and inform RAN4 in an LS reply.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	Without repetition, 3T6R antenna switching has smaller overhead compared 2T6R antenna switching.
Observation 2	3T6R antenna switching configured with repetition achieves higher power per SRS port compared to 2T6R antenna switching, for the same overhead.
Observation 3	4T6R antenna switching with unequal number of SRS ports per OFDM symbol (Alt1) achieves lower power per SRS port compared to 3T6R antenna switching for the same overhead.
Observation 4	4T6R antenna switching with equal number of and partially overlapping SRS ports per symbol (Alt2) requires a more complex antenna-switching pattern but cannot achieve higher power per SRS port compared to 3T6R antenna switching configured with repetition, for the same overhead.

Based on the discussion in the previous sections we propose the following:
Proposal 1	If time is available in the Rel-19 work for 3 Tx, support 3T6R antenna switching.
Proposal 2	Do not support 4T6R antenna switching in Rel-19 and inform RAN4 in an LS reply.
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