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1	Introduction
RAN1#106-bis-e made a following agreement.
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Later, RAN1#108-e made a following agreement on UL SRS antenna switching, where a text enclosed by the red line is related to this discussion. The other texts are not related to this contribution. 
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Figure 1: An excerpt from RAN1#108-e agreements
In our understanding, what RAN1 agreed is just a following scenario, where Y = 1 symbol, or some variants of it. Note that in the below Figure 2, P, S, G and Y stands for Physical channels other than SRS, SRS, Guard Period and the agreed new GP, respectively.
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Figure 2: An example for excerpt from RAN1#108-e agreements
Hence, this contribution discusses handling of GP(s) in gap whose length is larger than Y in the below Figure 3. In addition, this contribution discusses the impact of antenna switching on symbols outside the outermost UL SRS resources in the two UL SRS resource sets illustrated as “outer” in Figure 3. It should be noted that there has been a proposal to introduce zero GP in some SCS(s). We don’t have an objection on the proposal while still the clarification is required since a symbol(s) impacted by SRS antenna switching itself still physically exists even if we don’t specify the transient period as GP. 
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Figure 3: a possible UL SRS resources across two consecutive slots
2	Discussion
2.1	GP between two UL SRS resource sets
To make discussion more specific, assume followings.
· UE with four antennas, Ant 1, 2, 3 and 4 in the order of highest to lowest performance. 
· For simplicity, we assume that the performance incorporates any factors to affect the performance like a hand grip position etc. 
· UL SRS resources are configured to enable 1T4R
· The UE uses Ant 1 until the first UL SRS resource in the first UL SRS resource since it has the best performance among the four
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Figure 4: Possible three cases
Case 1: GP is placed immediately after SRS
This GP positioning does not make sense since performance of Ant 3 is poorer than that of Ant 2. Hence, the UE should keep using Ant 2 in the gap instead of Ant 3 to be mentioned in Case 2.
Case 2: GP is placed immediately before SRS
This GP positioning is surely the better choice than the Case 1 since the UE can keep using Ant 2 whose performance is better than Ant 3.
Case 3: GP is placed immediately before and after SRS
This GP positioning allows UE to use the best antenna among the four. The drawback is that this positioning shall accept losing one more minimum GP compared to Case 1 and 2.
Overall, apart from Case 1, which is better, Case 2 or Case 3, depends on conditions of UE and network. For instance, if the UE requires more power and there are many other UEs under the same gNB, it may be better to select Case 3 since even if one more GP is required, the resource may be utilized by some other UEs under the same gNB. On the other hand, if UEs are very close to the gNB and there are some other UEs , the power may not be that much a problem since pathloss is small and wider frequency resource may not be allocated to the UE in any case so that higher PSD may not be required. In this case, Case 2 may be better than Case 3. Moreover, hypothetically, provided that each UL SRS resource set includes two UL SRS resources, and each uses 1T2R, then, Case 1 can be the best choice since when the second UL SRS resource in the first UL SRS resource set is completed, Ant 2 must be being used at the instant of the completion. Hence, it is better to switch Ant 1 from Ant 2 immediately after the second UL SRS resource in the first UL SRS resource set.
Observation 1: The best position of GP and the number of it within a gap between two UL SRS resource sets may change on a case-by-case basis.
2.2	GP in outer region(outside UL SRS resource sets)
Thus far, no GP is allowed to take in outer region captured in Figure 3 while if take a look at outer regions in each of the three cases in Figure 4, a question arises. In the outer regions after the last UL SRS resource, the poorest Ant 4 must be used for the subsequent RS/data/control transmission until next antenna switching resource configuration is triggered/configured.
Observation 2: In some cases, it may be better to allow UE to switch antenna even outside the first and/or the last UL SRS resources in the two sets.
2.3	Resource utilization
Clearly allowing GP during the entire gap between two UL SRS resource sets does not make sense if the required time for switching is minimum GP only. This just wastes time and frequency resources even if some of them are available. Although some may say that other users can use them, this may make scheduling more complicated since gaps for the respective UEs are not allowed to be overlapped. Hence, usage of GP shall be minimized if truly necessary. On the other hand, with the current specifications, where GP is placed is not clear. Hence, network may consider the worst case, i.e., GP for the entire gap, or perhaps, 38.101-1 has a following Figure 5, the network may consider GP is immediately after each UL SRS resource, but if the UE may place a symbol for switching in other symbol. Then, the resources which network allocated become in vain. Overall, less clarity of GP position and/or symbol position for antenna switching just creates lose-lose relation between UE and network.
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Figure 5: Figure 6.3.3.7-2 from TS 38.101-1
In addition, SRS antenna switching within a UE can impact on some other bands’ DL and/or UL inside the same UE if their antennas is shared and those bands are used simultaneously like CA. Finally, since Rel-17 specifications allow more flexible UL SRS resource configurations than before, the ambiguity of the placement of symbols for SRS antenna switching would impact on system performance than before.
Observation 3: Symbol(s) for SRS antenna switching has had more impact on efficient resource utilization with more flexible UL SRS resource configurations in Rel-17
2.4	Summary
From the observation 1, 2 and 3, it is essential to clarify where a symbol for SRS antenna switching is placed in 3GPP specifications. 3GPP should specify a way for the UE to indicate where the symbol(s) for SRS antenna switching is. Possible options would be defining a certain rule and/or define an explicit signaling method for UE to indicate the exact position, e.g., if the UE cannot follow the rule due to some reasons. Since RAN1 has been addressing this issue, at least RAN4 should send an LS to RAN1 to inform them of the fact that the best placement of symbol(s) for SRS antenna switching may be different, e.g., the first symbol and/or the last symbol in a gap and it may occur even immediately before the first UL SRS resource and/or the last UL SRS resource in the sets. 
Proposal : RAN4 should send an LS to RAN1 to inform them of the fact that the best placement of symbol(s) for SRS antenna switching mat be different, e.g., the first symbol and/or the last symbol in a gap between two UL SRS resource sets and it may occur even immediately before the first UL SRS resource and/or immediately after the last UL SRS resources in the two sets.
3	Conclusions
As a result, we obtained following observations and proposal. A companion draft LS is also provided in [2].
Observation 1: The best position of GP and the number of it within a gap between two UL SRS resource sets may change on a case-by-case basis.
Observation 2: In some cases, it may be better to allow UE to switch antenna even outside the first and/or the last UL SRS resources in the two sets.
Observation 3: Symbol(s) for SRS antenna switching has had more impact on efficient resource utilization with more flexible UL SRS resource configurations in Rel-17
Proposal : RAN4 should send an LS to RAN1 to inform them of the fact that the best placement of symbol(s) for SRS antenna switching mat be different, e.g., the first symbol and/or the last symbol in a gap between two UL SRS resource sets and it may occur even immediately before the first UL SRS resource and/or immediately after the last UL SRS resources in the two sets.
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For two SRS resource sets of an xTyR antenna switching located in two consecutive slots, if UE is capable
of transmitting SRS in all symbols in one slot, a minimum gap period of Y symbols exists between the last
OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by
the SRS resource set in the second slot

e The value of Y is same as the inter-resource GP defined in Rel-15

capability

o Whether this inter-set GP is needed for 4T6R can be discussed later per the decision on
4T6R configuration.

+ FFS: How/Whether to handle the case where the interval between SRS resource sets is
larger than'Y
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For inter-set guard period, UE does not transmit any other signal on any symbols of the interval if the interval between SRS
resource sets is Y symbols.

- When both the SRS resource on all of the corresponding symbols prior to the gap and the SRS resource on all of the
corresponding symbols after the gap are dropped due to collision handling, the gap period is also dropped with same priority
and can be used for UL transmission.

«  The above is the only collision handling rule to be introduced in Rel-17 for antenna switching guard period
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Figure 6.3.3.7-2: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both
before and after SRS, when sounded on a different antenna (Ant 'x’ and Ant 'y’ are different antenna

ports)





