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In the previous meeting, several solutions were achieved to enhance the flexibility, capacity and coverage of SRS [1]. The enhancements including flexible aperiodic SRS triggering mechanism, flexible antenna switching, SRS coverage enhancement with increasing SRS repetition, SRS capacity enhancement with RB-level partial sounding and comb 8, etc.
In this paper, we share our views on the remaining issue of the solution based on the previous agreements.
[bookmark: _Ref129681832]Enhancement on aperiodic SRS triggering
To enhance the flexibility of aperiodic SRS triggering offset, the “available slot” based triggering mechanism, i.e., a given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, was introduced in the previous meetings. The functionalities are completed already.
Based on the last meeting discussion, there are two additional issues for further optimization on aperiodic SRS triggering, where one is collision handling for aperiodic SRS transmission, and the other is reusing unused bits for the case without scheduling.
Further optimization on aperiodic SRS in collision cases
Regarding whether and how to introduce dropping rule for collision handling, in our view, gNB side can avoid collision on aperiodic SRS with scheduling, since gNB know the full information on SRS configuration and scheduling. However, we are fine to discuss the further optimization on handling collision with a simple and clear specification way if time is allowed. 
In our understanding, defining a dropping rule with priority is an efficient way to handle collision. A simple dropping rule is with CC ID and SRS set ID to indicate priority. For instance, when the collision is between different CCs, the AP-SRS with smaller CC ID have higher priority. And for the collision within the same CC, the AP-SRS with smaller SRS set ID have higher priority. When the collision happens, the SRS with lower priority are dropped. With such dropping rule, the priority is clearly defined. By the way, in the SRS configuration, gNB can assign smaller SRS set IDs for priority usages.
And for the dropping handling, the Rel-15 symbol level dropping is preferred, i.e., only the overlapped symbol(s) are dropped.
Proposal 1: To further enhance aperiodic SRS in collision cases, CC ID and SRS set ID based dropping rule can be supported.

Further optimization on unused bits for SRS triggering
In previous meeting, following agreement was made for DCI format enhancement:
	Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behaviour for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded


There are five categories of use cases were proposed. Among the use cases, indication of open loop power control parameter is more beneficial, since it can achieve quickly power control within a large range. Please note that closed loop power control with TPC command may be not so proper for aperiodic SRS transmission in real network, since adjusting step of TPC command in closed loop is small and need a long time accumulation, but the aperiodic SRS is transmitted only once.
For CAT A, it’s about time domain position indication for aperiodic SRS. For A1 and A2, adding a new configurable DCI field was already agreed in last meeting which is flexible enough for SRS triggering, so it’s no need to reuse DCI for AP-SRS slot indication. And for A3 and A4, the necessity is not clear and they will affect the determination of available slot, which will cause more complexity for UE.
For CAT B and D, reusing DCI for indicating the CC or frequency domain resource or BWP or port and beamforming of aperiodic SRS, may increase the flexible for the aperiodic SRS transmission. But the use case and necessity is not clear yet. In addition, it is also related to UE capability and required more complexity of UE.
For CAT E, only extend the number of DCI code points for aperiodic SRS trigger states for DCI without data means there will be two mappings from DCI code points to aperiodic SRS sets (for with and without data scheduling). In our understanding, which sets need to be triggered simultaneously, i.e. linked to same code point, depends on the use case of the sets. So two mappings for aperiodic SRS seems not necessary. 
Proposal 2: Support repurposing unused fields for indicating open loop power control parameter, e.g., p0.
On SRS antenna switching
Guard period
 In the last meeting, the guard period in Rel-17 is discussed and the following alternatives are listed to be down-selected.
	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.


Considering guard period between SRS resources, we think the design for Rel-17 should be consistent with that of Rel-15.
On the presence of guard symbols in Rel-17 for SRS antenna switching, we don’t see any motivation to make it configurable in Rel-17 based on UE capability, while there is no new performance metric agreed in RAN4. Thus, Alt 1-0 with guard symbols always-on is more reasonable. But, one special case for the new agreed 4T6R antenna switching need to be excluded. Since in the special 4T6R structure, the antenna switching within 4Tx (which can be simultaneous transmission) can be without guard period.  
Proposal 3: For SRS antenna switching guard period, support Alt 1-0, i.e., guard symbols is the same as Rel-15, but 4T6R needs to be separately discussed.
Since SRS can be transmitted on any symbol within a slot according to UE capability in Rel-17, it is possible that two SRS resource sets are configured or triggered to be transmitted in adjacent symbols of two consecutive slots. Considering such scenario, there should be sufficient time reserved for antenna switching. That is, guard symbols need to be introduced between two sets mapped to consecutive slots.
Proposal 4: Guard symbols between two SRS resource sets within consecutive slots should be introduced, i.e., support Alt.2-1.
Guard symbols can be configured following the method of Rel-15, which are in-between the SRS resources of two SRS resource sets and no less than Y symbol, where Y is the minimum requirements for guard period defined in Rel-15 Table 6.2.1.2-1 [2]. Since SRS can only be transmitted in the last 6 symbols within one slot in Rel-15, the gap between two SRS resources would not be larger than 4 symbols. So UE does not transmit any other signal on all symbol between two SRS resources won’t cause strong restriction on scheduling. However, for the gap between two sets mapped to consecutive slots, the gap between two sets could be more than 20 symbols. So if we define all symbols between the two sets can’t be used for other channel(e.g., PUSCH), it will result in serious waste of resource and scheduling limitation, since when the gap is larger than 2Y symbols, scheduling data could be possible in the symbols between two sets. 
For the case that data is scheduled in symbols between two sets, RAN4 has discussed the scheduling restriction and achieved the agreement that scheduling on symbols before and after SRS transmission is allowed, where performance degradation on the symbols for switching can be expected. Accordingly, when data is scheduled between two sets in consecutive slots, the principle for switching between data and SRS can follow the agreement achieved in RAN 4#100e:
	Agreement
· Do not define the scheduling restriction on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols in Rel-17
· Performance degradation on these symbols can be expected



Proposal 5: When the gap between the two SRS sets in consecutive slots is larger than 2Y symbols, no scheduling restriction need to be defined in the symbols between two SRS resource sets.
Flexible antenna switching
In RAN1# 106, case 1 for aperiodic SRS, and case 2 for periodic or semi-persistent SRS were discussed for flexible antenna switching.
Since the feature mainly aims for use cases including UE power saving and SRS overhead reduction, it may be more beneficial on multiple SRS transmission, such as P-SRS and SP-SRS, other than one-shot transmission of AP-SRS. Thus, we think periodic and semi-persistent SRS case, i.e., Case 2 should be supported.
Then, considering the use cases of the feature, we still insist that MAC-CE is flexible enough to indicate the number of Tx/Rx antennas. By contrast, DCI based solution will cause unnecessary complexity for UE and may cause PDCCH performance degradation.
Moreover, since dynamic switching the number of Tx may be some problems on dynamic switching on the RF chains, which is much more complicated and need to be discussed in RAN4 first. So, the flexible antenna switching should be limited to Rx-only.
Proposal 6: SRS resource-level activation/deactivation is only for periodic and semi-persistent SRS by MAC CE, and only for Rx antennas.
4T6R Antenna switching
In the last meeting, it was agreed to support 4T6R antenna switching. 
	Agreement
Support 4T6R SRS antenna switching in Rel-17.


Considering the configuration for 4T6R, we compare the four possible configurations as follows:
· Alt. 1: two SRS resources with 4 and 2 ports per resource respectively, i.e., 4+2;
· Alt. 2: two SRS resources with 4 ports per resource, i.e., 4+4;
· Alt. 3: three SRS resources with 4 ports per resource, i.e., 4+4+4;
· Alt. 4: three SRS resources with 2 ports per resource, i.e., 2+2+2, where at least guard period between the first two resources is not needed.
For Alt. 1, according to power control method for SRS in Rel-15/16, the power for each SRS transmission occasion of the two SRS resources is different, which will cause unbalanced coverage between the two SRS resources. 
For Alt. 2, 2 SRS ports in two different resources in the set(s) should map to the same UE antenna ports, which will inevitably lead to waste of capacity. Also, Alt. 2 may cause unbalanced coverage between the repeated measured 2 ports and others.
For Alt. 3, since SRS is transmitted on each port twice, the overhead of SRS is relatively large than other schemes. To achieve this kind of switching, all 4 Tx chains should have the capability to switch at least between two antenna ports, causing unnecessary UE complexity. Moreover, since the mapping rule for SRS ports and UE antenna ports is not defined in Rel-15/16, it needs extra spec work to discuss how to ensure each port is measured twice. Requiring at least 5 symbols (three SRS resources and 2 guard periods), (4+4+4) antenna switching is slower than other alternatives where 3 symbols are enough.
In contrast, there are no such shortcomings for Alt. 4. The power allocated for each port is the same and no additional overhead is needed. Since UE has the capability for 4Tx simultaneous transmission, so the 4 antennas can be separated as 2+2 antennas in different symbols for transmission without guard period. For another 2 antennas after the 2+2 antenna transmission, when the minimum guard period is 1 symbol, it can also be realized without guard symbols, and when the minimum guard period is 2 symbols, only one guard symbol is needed.
The comparison of above configurations is summarized in Table 1, we can summarize that (2+2+2) is the preferred scheme to support 4T6R considering different aspects.
[bookmark: _Ref82885089]Table 1. Comparison between 4 configurations for 4T6R
	
	4+2
	4+4
	4+4+4
	2+2+2

	Power imbalance
	Y
	Y
	N
	N

	Coverage imbalance
	Y
	Y
	N
	N

	Capacity reduction
	N
	Y
	Y
	N

	Switching time 
(for GP=1 symbol)
	3 symbols
	3 symbols
	5 symbols
	3 symbols

	Switching time 
(for GP=2 symbols)
	4 symbols
	4 symbols
	7 symbols
	4 symbols

	Spec change (small/large)
	S
	L
	L
	S



Proposal 7: For 4T6R SRS antenna switching, support configuring 3 SRS resources with 2-port per SRS resource, where guard period could be removed in the special case.
Extension for aperiodic SRS with <=4Rx
In previous meeting, configuring N <=N_max resource sets for AP-SRS with >4Rx was supported, where N_max is larger than 1. The motivation is to support AP-SRS transmission in multiple slots when available UL symbols in one slot is not enough for the antenna switching. So, for aperiodic SRS with 1T2R, 2T4R and 1T4R, similar extension should be supported for the same reason. Since in the real deployment, there may be only 2 UL symbols in one slot can be used for SRS transmission in some scenarios, supporting N=4 for 1T4R and N=2 for 1T2R/2T4R can be useful for the scenarios.
Proposal 8: Support N=4 for 1T4R and N=2 for 1T2R/2T4R.
On SRS capacity/coverage enhancement
RB-level Partial sounding
In previous meeting, RB-level partial sounding was agreed to improve the capacity and coverage. In last, RB location hopping and ZC sequence were agreed for partial sounding, but there are still some remaining issues including PF value, whether to introduce bandwidth restriction and detailed design for RB location hopping, etc.
	Agreement(RAN1#104e-bis)
· 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:  is an integer value
· Alt 2:  is an integer value with minimum value 4
· Alt 3:  is a multiple of 4
· Alt 4: Round   to a multiple of 4 in case of Alt 1 or Alt 2
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 RPFS SRS sequence generation, support 
· Alt 1: Generate length- ZC sequence.


Additional PF values:
For additional values of PF , since some candidate values of   in current spec is multiple of 3, supporting PF = 3 can provide extra flexibility for those case in addition to PF = 2 and 4. To ensure the flexibility of partial sounding, PF = 3 also could be supported for the case where  is a multiple of 3.
Proposal 9: Support PF = 3 for the case where  is a multiple of 3.
Additional bandwidth restriction:
We already have the restriction on sequence length, i.e., no new sequence length, where the legacy length is multiple of 6 (considering Comb and bandwidth restriction), it already means the bandwidth of partial sounding is an integer value of RBs. With such length restriction, the complexity for SRS transmission and detection can be the similar as before. We do not think additional restriction should be introduced.
For the four alternatives listed in RAN1#104e-bis, Alt1 and Alt 2 are the same as we already agreed. So, they are acceptable but not necessary to be agreed again.
For Alt 3,  is restricted to a multiple of 4 which means  have to be a multiple of 4*PF, i.e., requirement of the original bandwidth of SRS should be a multiple of 8 or 16, which is too restricted. In current spec, a lot of candidate values of   don’t satisfy the restriction. 
Then, Alt. 4, using round to a multiple of 4. Although it don’t restrict the value of , but it may cause SRS interference with bandwidth overlap. For example, if  and PF = 4, according to Alt 1 and 2, UE will transmit SRS in 18 RBs, but for Alt 4, the UE may transmit SRS in 20 or 16 RBs for each which UE. If with 20RBs for each UE, then there is SRS collision on 4RBs in the two edges. If only use 16 RBs, then, totally 8 RBs are wasted.
Proposal 10: Additional bandwidth restriction is not necessary.
Additional signaling to determine PF and kF
In last meeting, it’s agreed to determine frequency position of partial sounding (i.e., PF and Noffset) at least via RRC configuration per SRS resource. To introduce DCI and/or MAC CE in addition will increase the complexity for UE transmission dynamically. So, we do not think it is necessary.
[bookmark: _GoBack]Observation 1: Introducing DCI/MAC-CE for PF and Noffset  is not necessary.
Additional restriction on applicable cases for partial sounding
Partial sounding is applicable for both non-frequency hopping case, so we do not think it is necessary to introduce the restriction on the application use cases. For UEs in cell centre, gNB can disable the frequency hopping to sounding the whole bandwidth quickly and for the UEs in cell edge, gNB can enable the frequency hopping to ensure the coverage of SRS. In our understanding, the main advantage of partial sounding is that it can increase capacity greatly, no matter whether frequency hopping is enabled. So, for both frequency hopping case and non-frequency hopping case, partial sounding should be supported.
Proposal 11: Restriction on use cases (frequency hopping/non-frequency hopping) for partial sounding is not necessary.
Start RB location hopping
Start RB location (Noffset) hopping in different legacy frequency hopping (FH) periods for RPFS has been supported for periodic/ semi-persistent SRS, while the detailed hopping pattern for khopping in time domain is FFS. In general, the hopping pattern could be determined by pre-defining or directly indication (i.e., directly indication by RRC). In our view, the hopping pattern could be pre-defined. For instance, the pattern could be {0, 2, 1, 3} for PF = 4. The key point for start RB location hopping is to balance channel estimation accuracy of RBs. And pre-defined pattern could achieve that goal while reducing the scheduling complexity without additional signaling overhead. 
Proposal 12: For periodic/ semi-persistent SRS, support pre-defined hopping pattern for start RB location hopping in different legacy FH periods.
For better randomization and channel interpolation performance, frequency gap between the start RB locations in the consecutive FH periods should be as large as possible,  so pattern for legacy frequency hopping can be reused for start RB location hopping. Table 2 summarized the detailed pattern for PF = 2 and PF = 4. For example, when PF = 4, the pattern is {0, 2, 1, 3} as shown in Figure 1. 
[bookmark: _Ref83911832]Table 2. khopping to be applied in the -th legacy FH period
	PF 
	
	
	
	

	2
	0
	1
	0
	1

	4
	0
	2
	1
	3
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[bookmark: _Ref83911662]Figure 1. Pre-defined pattern for PF = 4
In a word, khopping to be applied in the -th legacy FH period could be determined by

And for the index , to ensure the value of khopping in is same for UEs multiplexed in one symbol, it could be associated with SRS counter , i.e., , to align with legacy FH mechanism.  is the legacy FH period with = ， is the legacy FH bandwidth, which is determined by parameters  and , and  is determined by parameters  and . 

Proposal 13: For start RB location hopping in different legacy FH period, support following pre-defined pattern:

where , is legacy FH number and  is SRS counter in current spec.

Comb 8
In last meeting, there are some discussion on the maximum number of CSs for comb 8 and following two alternatives were agreed for down-selection:
	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


For Alt 2, 12 cyclic shifts is supported for comb 8, which can support more ports multiplexed in one comb than Alt 1 theoretically. However, in the practical networks, to ensure the orthogonality between ports, the maximum cyclic shifts can be used is always restricted to the channel delay spread, TA error and PDP leakage etc. So, it’s difficult to apply 12 cyclic shifts for comb 8 in the real networks. The benefit of Alt 2 is not clear.
In last meeting, there are some concern on how to support SRS resource with 4 ports for Alt 1 since 6 is not a multiple of 4. According the formula in current spec, Alt 1 will result in non-integer CSs for SRS resource with 4 ports. But it can easily addressed by rounding down the CSs to the integer values and/or allocating the 4 ports to 2 combs.
Based on the above analysis, we have following proposal:
Proposal 14: Support up to 6 cyclic shifts for comb 8.
Conclusion
In this contribution, we discussed the enhancements on SRS for Rel-17 and provide following proposals:
Proposal 1: To further enhance aperiodic SRS in collision cases, CC ID and SRS set ID based dropping rule can be supported.
Proposal 2: Support repurposing unused fields for indicating open loop power control parameter, e.g., p0.
Proposal 3: For SRS antenna switching guard period, support Alt 1-0, i.e., guard symbols is the same as Rel-15, but 4T6R needs to be separately discussed.
Proposal 4: Guard symbols between two SRS resource sets within consecutive slots should be introduced, i.e., support Alt.2-1.
Proposal 5: When the gap between the two SRS sets in consecutive slots is larger than 2Y symbols, no scheduling restriction need to be defined in the symbols between two SRS resource sets.
Proposal 6: SRS resource-level activation/deactivation is only for periodic and semi-persistent SRS by MAC CE, and only for Rx antennas.
Proposal 7: For 4T6R SRS antenna switching, support configuring 3 SRS resources with 2-port per SRS resource, where guard period could be removed in the special case.
Proposal 8: Support N=4 for 1T4R and N=2 for 1T2R/2T4R.
Proposal 9: Support PF = 3 for the case where  is a multiple of 3.
Proposal 10: Additional bandwidth restriction is not necessary.
Proposal 11: Restriction on use cases (frequency hopping/non-frequency hopping) for partial sounding is not necessary.
Proposal 12: For periodic/ semi-persistent SRS, support pre-defined hopping pattern for start RB location hopping in different legacy FH periods.
Proposal 13: For start RB location hopping in different legacy FH period, support following pre-defined pattern:

where , is legacy FH number and  is SRS counter in current spec.
Proposal 14: Support up to 6 cyclic shifts for comb 8.

And also with the following observations:
Observation 1: Introducing DCI/MAC-CE for PF and Noffset  is not necessary.
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