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1 Background
The WF for SRS related matters of further enhanced MIMO [1] lists
· Agreements
· Continue to discuss this issue in the FeMIMO work item until the next meeting with clearer views for following topics 

· Handling the interval between SRSs (R4-2200342)

· SRS power control (R4-2201967)

· Others are not precluded

In this contribution we first consider the guard symbols between SRS resources in a SRS resource sets for antenna switching (AS) and then transmissions in between SRS resource sets for AS in view of the discussion in [2] and the LS sent to RAN1 in [3].
Two enhancements of SRS transmissions are proposed. Firstly, we propose to remove the guard symbol for SCS = 15k and 30k between SRS resources at least from Rel-17, at least for UEs supporting the Rel-16 transient-time capability and when SRS resources associated with different antenna ports have the same bandwidth (PRBs as set by mSRS,b). The reason for change are issues with antenna switching (AS) observed for numerous TDD deployments in several regions, at least in Korea, Japan, China, Canada and in the US. In these TDD deployments the special slot pattern used for TDD coexistence in the region cannot be used as needed for SRS transmissions since there are not enough UL symbols. Secondly, we claim that PUCCH/PUSCH can be transmitted in between SRS resource sets in different slots according to current specifications.
For SRS used for DL CSI acquisition, RAN4 initally specified a time mask without a guard period between SRS resources used for antenna switching (AS) for SCS of 15k and 30k. RAN1, on the other hand, specified in 38.214 a guard period of Y symbols configured between SRS resources for all SCS, Y = 1 except for SCS = 120k for which Y = 2. Much later, the SRS time mask in 38.101-1 was aligned with the 38.214 in the 2021-03 version. However, in view of deployment of reciprocity-based DL MIMO, an alignment of the 38.214 with the initial version of 38.101-1 would have been more appropriate for the guard period (G) prevents efficient use of SRS in the TDD special slot.  

For Rel-17 UEs, RAN1 has made the following agreement, now implemented in 38.214 Rel-17, 
Agreement

For extension of aperiodic antenna switching SRS configurations for <=4Rx, support N=4 for 1T4R and N=2 for 1T2R/2T4R.

· The above extension is UE optional

This would provide some flexibility to use multiple slots, including the special slots for aperiodically triggered SRS, since the SRS transmissions occasions can be distributed over multiple slots N. However, an issue with this approach is that the channel is sampled in different slots for different UE antennas. For some TDD configurations and deployments, this may lead to a CSI acquisition prone to channel aging if there is DL-UL switching between the said slots, which altogether ultimately degrades the MU-MIMO precoding performance for the downlink PDSCH. 
Aternatively, for resolving the channel aging issue, SRS antenna switching must be configured entirely in the UL slots, but in this case the UL part of the special slot either becomes unused or is granted to transmit an inefficient short mini-slot PUSCH with substantial DMRS overhead. This implies a reduced downlink spectral efficiency. The desired functionality is to use AS together with frequency hopping (FH) over at least two OFDM symbols to exploit the gain of massive MIMO and reciprocity-based DL operation while reducing SRS interference.
The problematic cases for using SRS in special slots can be summarized as follows, leaving out the [image: image2.png]


 cases,
Observation 1:

· for operations with 2 UL symbols in special slot, AS or AS+FH cannot be used at all (i.e., for any of 1T2R, 2T4R, 1T4R) since there is no room for a guard period G;
· for operations with 3-4 UL symbols in special slot, AS+FH cannot be used at all. AS only (without FH) can be used for 1T2R and 2T4R, 1T4R cannot be used in a single slot at all 
These cases are illustrated in Figure 1 for two special slot patterns common in TDD deployments, 10:2:2 and 6:4:4 with 2 and 4 UL symbols (grey) in the special slot, respectively. In the former case (top), the SRS resources R1 and R2 highlighted in red cannot be used for AS, while in the latter case (bottom) the SRS resources cannot be configured with FH in combination with AS due to the guard.  
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Figure 1: problematic cases for SRS usage in the special slot.
Removing the guard period G as per the initial version of the RAN4 specification would allow AS of all antennas for special slot patterns with 2 UL symbols and AS+FH of all antennas for slot patterns with 4 UL symbols without any further RAN1 changes of the SRS functionality other than the guard Y.
Prior to the 2021-03 version of the RAN4 specifications, the time mask for SRS antenna switching was specified as shown in Figure 2 for SCS = 15k and 30k.  The transient period between SRS resources used for AS was extended by 5 us as compared to that for transitions between symbols of adjacent SRS resources at the same antenna but subject to SRS power changes.
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Figure 2 (Figure 6.3.3.6-5 in 38.101-1): FR1 Time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS switching usage is between antenna switching and other sets.
We observe that at least (71.35 – 15) us and (35.68 – 15) us of the SRS symbols are unaffected by a worst-case transient for SCS = 15k and 30k, respectively. This does not motivate a guard period of a complete symbol due to transients in these cases. Indeed, a guard symbol is not allowed for AS in the SRS time mask for LTE.

The case for SCS = 60k is somewhat unclear in the present version of the specification, the use of AS is not explicility included in the specification of the time mask as shown in Figure 3. Nonetheless, a guard symbol is more relevant for the SCS = 60 k case, at least if the UE does not support the transient-period capability applicable for ON-ON transitions. 
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Figure 3 (Figure 6.3.3.6-4 in 38.101-1): Consecutive SRS time mask for the case when power change is required and when 60 kHz SCS is used in FR1.
The 60k case may have been behind the guard symbol Y of the RAN1 specification
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.

[…]
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
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that nonetheless also includes guard periods ‘in-between the SRS resources of the set’ for the SCS = 15k and 30k cases. 
Much later the time mask 38.101-1 was modified to include a guard period between SRS resources within the set used for AS but not between resources of sets with different SRS usage despite an antenna switch, the transition between the first two symbols in Figure 4 below from the present version of 38.101-1. Moreover, the transient period for the first antenna switch (between different SCS sets) was made symmetric (-7.5,7.5) us around the symbol boundary instead of the previous (-10,5) us in Figure 2.
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Figure 4 (Figure 6.3.3.6-5 in the present 38.101-1): FR1 Time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS switching usage is between antenna switching & other sets
2 Modified SRS time mask for antenna switching
Transient time between SRS resources

To solve the problematic cases with AS use in the special slot, we propose to remove the guard period between the SRS resources of the SRS set used for AS; this is not needed for accommodating transients for SCS up to 30k, and is inconsistent with the antenna switching transient between SRS resources of different SRS sets (‘other’ to ‘ant. switch’ in Figure 4). 
The proposed changes are shown in Figure 5.
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 Figure 5: Proposed FR1 Time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS switching usage is between antenna switching & other sets

The removal of the guard period is further motivated by the transient period capability for ON-ON transition, even if this capability was not considered for transients across antenna switches. For this case, the transient period would be extended by 5us between symbols transmitted by different antennas consistent with the initial RAN4 specification, but with a 2.5 us time advance included at the start of the transient no matter if between different SRS sets or within the set used for AS. For UEs not supporting the transient-period capability (i.e. tp = 10 us), the transient between the ‘other’ and the ‘ant. switch’ sets is consistent with that of the present specification as shown in Figure 1. Moreover, SRS resources associated with different antenna ports could be assumed to have the same bandwidth (PRBs as set by mSRS,b), which reduces the power change between SRS transmissions.
We make the following

Proposal 1: for FeMIMO, remove the guard period Y between the SRS resources of the SRS set used for antenna switching in the SRS time mask for SCS = 15k and 30k with a view to solve the problematic cases with AS use in the special slot. This should apply at least for
· UEs capable of the transient-time capability reducing the overall transient time excluding the switch.
· SRS transmissions SRS resources associated with different antenna ports of the same bandwidth (PRBs as set by mSRS,b) significantly reducing the power changes.
A guard period is motivated for accommodating transients for SCS = 60k for UEs not supporting the transient-period capability. Altogether, the above means that the RAN1 specification should be made consistent with the proposed mask in Figure 5 by the following changes to 38.214 Rel-17:
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
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with the understanding that the guard periods specified are only for accommodating UE transients. 
Another motivation for removing the guard symbols is that the overhead for > 4 RX antennas would be severe. RAN1 has agreed that

Agreement

For aperiodic xTyR antenna switching SRS, where xTyR is from {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, support all the non-zero integer values N<=N_max except N=1 for 1T8R. 
· For each xTyR configuration, UE does not expect multiple SRS resource sets are configured or triggered in one slot.
· UE does not expect that the OFDM symbols contained in one SRS resource set exceed UE capability on which OFDM symbols can be used for SRS taking guard period into account.
Removing the guard period would substantially reduce SRS overhead for these cases.
SRS-PUSCH transitions
The transient between SRS in the last symbol of a slot and PUSCH in the first symbol of the next may be a more difficult cases in view of large power changes in case the SRS and PUSCH bandwidths are different (and separarate power control for PUSCH and the SRS resource set). Figure 6 shows the cases with and without antenna switching preceding the PUSCH transmission. The SRS-PUSCH transient period including antenna switch is still 15 us, which is interesting in view of the liaison [2] whether it is allowed to transmit any other UL signal during the gap between two SRS resource sets. We observe that the gNB can schedule a guard symbol between the SRS and the PUSCH if needed, whereas guard symbols between SRS resources within a resource set must be configured. 
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Figure 6: SRS to PUSCH transition with and without antenna switching.
3 Transmissions in between SRS resource sets
For Rel-17, the start of SRS resources can be in any symbol of a slot. Moreover, for 1T2R/2T4R and aperiodic AS a total of two SRS resources transmitted in different symbols of two different slots are allowed, while for 1T4R, a total of four SRS resources transmitted in different symbols of four different slots are allowed. 
In the LS [3] RAN4 is asking RAN1 for clarification whether the UE is allowed to transmit other UL signals during the gap between SRS resource sets as shown in Figure 7 below. 
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Figure 7: transmissions between resource sets.

RAN1 is informed that
· RAN4 thinks not sending PUSCH and PUCCH between SRS resources belonging to different sets where usage is set to antenna switching is inefficient.
Indeed, not being able to transmit e.g. PUCCH between SRS resource sets in DL-heavy TDD configurations would be inefficient and e.g. require further bundling of ACK/NACK feedback. In view of the transient period between SRS resources within resource sets for AS discussed above, that is, 15 us without account of transient-time capability and the same between adjacent SRS resources/ports of different SRS resource sets, we propose that
Proposal 2: in view of the 15 us transient time (notwithstanding the transient-time capability, transmissions of PUCCH and PUSCH can be transmitted between SRS resource sets with usage ‘antennawitching’ without mandated guard symbols for SCS = 15k and 30k.

We note that transmissions of other signals between SRS sets for AS is already possible according to the existing specifications (e.g. aperiodic triggering for 1T4R AS with SRS transmissions in the last six symbols per slot)

Impact of large power changes between SRS-PUSCH transmissions can be alleviated by scheduling blank symbols in between transmission.
Observation 2: not being able to transmit e.g. PUCCH between SRS resource sets for AS in DL-heavy TDD configurations would be inefficient. 
4 Proposal

To resolve issues with use of antenna switching (AS) and frequency hopping (FH) in the special slot used in numerous TDD deployments in several regions, i.e.
Observation 1:

· for operations with 2 UL symbols in special slot, AS or AS+FH cannot be used at all (i.e., for any of 1T2R, 2T4R, 1T4R) since there is no room for a guard period G;

· for operations with 3-4 UL symbols in special slot, AS+FH cannot be used at all. AS only (without FH) can be used for 1T2R and 2T4R, 1T4R cannot be used in a single slot at all (the latter for periodic/semi-persistent SRS)

we make the following

Proposal 1: for FeMIMO, remove the guard period Y between the SRS resources of the SRS set used for antenna switching in the SRS time mask for SCS = 15k and 30k with a view to solve the problematic cases with AS use in the special slot. This should apply at least for

· UEs capable of the transient-time capability reducing the overall transient time excluding the switch

· SRS transmissions SRS resources associated with different antenna ports of the same bandwidth (PRBs as set by mSRS,b) significantly reducing the power changes

to allow efficient use of the special slot without requiring changes of the special slot patterns used for TDD coordination.

For transmissions between SRS resource sets, we propose 
Proposal 2: in view of the 15 us transient time (notwithstanding the transient-time capability, transmissions of PUCCH and PUSCH can be transmitted between SRS resource sets with usage ‘antennawitching’ without mandated guard symbols for SCS = 15k and 30k.

Observation 2: not being able to transmit e.g. PUCCH between SRS resource sets for AS in DL-heavy TDD configurations would be inefficient.
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