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1 Introduction
In RAN1#106-e meeting [1], agreements for SRS enhancements were achieved as:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreement
Confirm the following WA:
For DCI indication of “t” in Rel-17 SRS triggering offset enhancement
· For both DCI that schedules a PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request
· t is indicated by adding a new configurable DCI field (up to 2 bits)
· Applies only when there are multiple   candidate values of t configured
· No further enhancement to indicate “t” for DCI 0_1/0_2 without data and without CSI request at least when the new DCI field is configured
Agreement
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  Noffset  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where khopping is same for all SRS occasions within a legacy FH period but changes across legacy FH periods, kF and PF are at least configured by RRC signaling (kF = {0, 1, …, PF-1}).
· Support at least one pattern for khopping in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signaling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled, khopping is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS whether start RB location hopping is also applicable on SRS occasion(s) within one FH period (e.g., when R>1) and/or on aperiodic SRS, if so, how
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
Agreement
Support Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· If DCI is transmitted in slot n, and k is the legacy triggering offset, reference slot is slot n+k.
· Note: the legacy triggering offset can be 0, if slotOffset is absent.
Conclusion
MAC CE for t value update in Rel-17 is not supported.
Agreement
For antenna switching SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS.
· Note: the two SP-SRS resource sets are not activated at the same time
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· Applies for all supported xTyR where y<=8
· For each xTyR antenna switching (except for 4T6R if supported), each periodic or semi-persistent resource set contains y/x resources.
This feature is UE optional: For UEs that do not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS
Agreement
Support 4T6R SRS antenna switching in Rel-17.
Agreement
For RPFS SRS sequence generation, support 
· Alt 1: Generate length- ZC sequence.
Agreement
For SRS increased repetitions in Rel-17, support the following configurations, and no other values are supported.
· (N_symbol, R) = {(8, 1), (8, 2), (8, 4), (8, 8), (12, 1), (12, 2), (12, 3), (12, 4), (12, 6), (12, 12), (10, 1), (10, 2), (10, 5), (10,10), (14, 1), (14, 2), (14, 7), (14, 14)}
· Note: N_symbol SRS symbols are adjacent in a slot.
Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15
· Alt 1-1: Guard symbols are configurable subject to UE capability
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed
Agreement
For Comb-8 SRS in Rel-17, down-select one of the following in RAN1#106bis-e
· Alt 1: The maximum number of CSs for Comb-8 is 6
· Alt 2: The maximum number of CSs for Comb-8 is 12, and introduce a rule to restrict applicable CSs when SRS sequence is shorter than the maximum number of CSs
In this contribution, we provided our views on the enhancements on SRS.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Coverage/capacity enhancement
[bookmark: _GoBack]For SRS coverage and capacity enhancement, partial frequency sounding with reduced number of RBs was agreed, and there are several remaining issues to be determined. Regarding the issue of restriction on the number of RBs, there were four alternatives listed in RAN1#104b-e [2]:
Agreement
· For RPFS in Rel-17, support PF = {2, 4}.  
· FFS  3, 8, 12, 16 or fractional numbers 
· Support at least one of the following alternatives (to be decided in RAN1#105-e)
· Alt 1: [image: a] is an integer value
· Alt 2: [image: a] is an integer value with minimum value 4
· Alt 3: [image: a] is a multiple of 4
· Alt 4: Round [image: a] to a multiple of 4 in case of Alt 1 or Alt 2
Regarding Alt.3 ( is a multiple of 4), in our opinion, this restriction will lead the feature of partial frequency sounding useless. As in current spec, value of SRS subband is a multiple of 4, and current frequency hopping framework already supports the reduction value of SRS transmission subband, example as shown in Table. 1.
Table. 1. Values of SRS subbands
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As shown in Table. 1, if  = 3 or 4, the SRS bandwidth is 16, and based on Alt.3, if , then the partial subband is 8, which can be supported with configuration  = 4 and , similarly if , then the partial subband is 4, which can be supported with configuration of  = 3 and . And when  = 2, the SRS bandwidth is 12, based on Alt.3, partial frequency sounding is not supported. Based on this, there is no new thing based on partial frequency sounding. So we don’t think this alternative is a right way to go.
Regarding Alt 1 and Alt 2, which are similar that  can be an integer value, while the issue is multiplexing and capacity. For example, if the value of partial subband is 5 or 6, the nested framework of SRS is broken, and the new SRS can not be orthogonal with legacy UEs, which is not good for multiplexing and capacity enhancement.
Based on the discussion, we think Alt 4 (Round  to a multiple of 4 in case of Alt 1 or Alt 2) is a good method, which can support enhancements and also be friendly to legacy UEs.
While not only the value of , but also the starting position of the partial subband will impact the multiplexing between UEs. For example, if the SRS bandwidth is 12, and  = 2. Based on current agreement, the starting position of the second partial subband within 12 RBs is , while the offset is not aligned with the unit of 4. This misalignment may cause non-orthogonal between non-partial sounding UEs, and also cause non-orthogonal between partial sounding UEs with different positions of 12 RBs for SRS bandwidth. As even the partial subband for two UEs are both 6RBs, but the different starting positions will cause partial overlapping of the partial subbands, while based on current framework, if there is only full overlapping or non-overlapping between subbands with same value, and multiplexing can be naturally supported.
[image: ]
Figure. 1. Misaligned starting position of partial subbands
To make full use of the partial frequency sounding, we think the starting position for the partial subband should still be aligned with a multiple of 4, otherwise, capacity will be reduced.
While regarding the case that starting position of the partial subband has been agreed, and the limited time for Rel-17, we are also fine with either Alt 1 or Alt 2, but for Alt 3, it’s not a good way, which will make partial sounding useless.
Proposal 1: Regarding the value of , 1st preference is to support Alt 4 (Round  to a multiple of 4 in case of Alt 1 or Alt 2) and support starting RB index of the  RBs in the  RBs aligned with a multiple of 4, and regarding the limited time, either Alt 1 or Alt 2 can be the 2nd preference.
Another issue is the use case, mainly focusing on whether to support this for non-frequency hopping. We think this issue is also related to the issue of restriction on number of RBs, for example, Alt 1 or Alt 2 can provide more values of SRS transmission subband, so we think it should also be applicable for non-frequency hopping case. 
Proposal 2: For partial frequency sounding with reduced number of RBs, it should be applied to both frequency hopping and non-frequency hopping. 
Another issue is the maximum number of cyclic shift, in current spec, the value depends on the value of transmission comb (). Actually, the value should depend on the length of the SRS sequence, and the interval between different cyclic shift should be integer number of samples, based on which orthogonality can be guaranteed. So we think the maximum number of cyclic shifts should be based on the SRS sequence length, for example, a function of  and . And for Comb-8, the SRS sequence length is a multiple of 6, so the maximum number of CSs should be 6.
Proposal 3: The maximum number of cyclic shifts should be based on the SRS sequence length, for example, a function of  and . And for Comb-8, the maximum number of CSs is 6.
Antenna switching enhancement
It was agreed 4T6R to be supported in Rel-17, and then the details should be discussed. As the maximum number of SRS ports is 4, two SRS resources are needed for 4T6R, and one SRS resource set is sufficient.
While as the value for transmission is not exact division of the value for reception, how many SRS ports in each resource should be discussed.
Each SRS resource with 4 ports can provide better performance, with 2 ports sounded twice. And which two ports from the 4 ports should be defined to keep alignment between gNB and UE.
Proposal 4: For 4T6R, one SRS resource set with two SRS resources can be configured. And each SRS resource is configured with 4 ports.
3 Conclusion
In this contribution, we provided our views on SRS enhancement, and we proposed that:
Proposal 1: Regarding the value of , 1st preference is to support Alt 4 (Round  to a multiple of 4 in case of Alt 1 or Alt 2) and support starting RB index of the  RBs in the  RBs aligned with a multiple of 4, and regarding the limited time, either Alt 1 or Alt 2 can be the 2nd preference.
Proposal 2: For partial frequency sounding with reduced number of RBs, it should be applied to both frequency hopping and non-frequency hopping. 
Proposal 3: The maximum number of cyclic shifts should be based on the SRS sequence length, for example, a function of  and . And for Comb-8, the maximum number of CSs is 6.
Proposal 4: For 4T6R, one SRS resource set with two SRS resources can be configured. And each SRS resource is configured with 4 ports.
4 [bookmark: _Ref344215723]References
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