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In previous meetings, several enhanced solutions including flexible aperiodic SRS triggering mechanism, flexible antenna switching, increased SRS repetition, partial sounding and comb 8, etc., were agreed for SRS flexibility, capacity and coverage enhancement [1]. In this paper, we share our views on remaining issues of the solutions 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.
Based on the discussion in last meeting, there are still two remaining issues. The first one is whether the bit width of SOI depends on all SRS resource sets across all CCs or across a CC/BWP and the second one is whether/how to introduce dropping rule for AP-SRS collision cases for further optimization.
Determination on the bit width of SOI
In last meeting, following agreement was made for the bit width of new SRS offset indication (SOI):
	Agreement
Bit width of SOI depends on the maximum number of “t” values configured for any of the aperiodic SRS resource sets (FFS: across all CCs or across a CC/BWP)
· The SOI field is 0 bit if the maximum number of ‘t’ values is one
· If at least one resource set has “t” configured
· For the resource sets with “t” value configured, each of them is configured with K values of “t”, where 1<=K<=4
· t=0 applies for the resource set(s) without “t” configured in RRC
· If none of the resource sets is configured with “t” values, follow Rel-15 approach to determine slot offset


With the agreement, the most aspects of determination on the bit width of SOI are clearly defined. There is only one remaining issue, i.e., bit width of SOI is based on the SRS resource sets across all CCs or the sets across a CC/BWP. For the scheme “across a CC/BWP”, it may result in a mixed Rel-15 and Rel-17 approach in different CCs for a UE, which is not necessary. And for the UE that supports across a CC scheduling, the mixed approach will cause UE can’t determine which approach should be used before decoding the DCI, which will increase the complexity of UE. So to avoid the mixed approach, it’s better to determine the bit width of SOI based on the SRS resource sets across all CCs.
Proposal 1: Support the bit width of SOI depends on all SRS resource sets across all CCs.
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 last meeting, four rules were proposed:
· Rule 1 – Based on usage
· Rule 2 – Based on set ID and CC ID
· Rule 3 – Based on order of the triggering DCI
· Rule 4 – Based on type of the aperiodic SRS (e.g., with Rel-17 offset or not)
For rule 1, it’s difficult to define one unified rule based on usage since priority usually depends on the scenario. For example, in FR1, maybe SRS with usage “antennaSwitching” or 'codebook' is more important, but in FR2, SRS with usage 'beamManagement' maybe more important. And for the case that the collision is between multiple SRS resources with same usage, e.g., 'beamManagement', rule 1 is unclear. Similar ambiguity issue also exists in rule 3 and rule 4. For rule 3, it’s unclear for the case when the collision SRS resource sets are triggering with same DCI. And for rule 4, it’s unclear for the case when the collision SRS resource sets have same type.
However, with rule 2, the priority can be clearly defined. 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 rule, there is no ambiguity, and gNB can assign the smaller ID for the SRS that need to be transmitted with higher priority. Hence, we have following proposal:
Proposal 2: To further enhance aperiodic SRS in collision cases, CC ID and SRS set ID based dropping rule can be supported.
On SRS antenna switching
Guard period
 In the previous meetings, following agreements were achieved for guard period:
	Agreement(RAN 1#106e)
· 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(RAN 1#106bis-e)
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
· The value of Y is same as the inter-resource GP defined in Rel-15 
· FFS: Whether or not the minimum GP exists can be RRC configurable subject to UE capability
· 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


Considering guard period between SRS resources, we think the design for Rel-17 should be consistent with that of Rel-15.
On the existence of minimum GP in Rel-17 for SRS antenna switching, we don’t see any motivation to make it configurable based on UE capability, while there is no new performance metric agreed in RAN4. Thus, minimum GP always exists is more reasonable for general structure. However, 4T6R structure is a special case that need to be excluded, since in 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, minimum GP always exists for general structure, but 4T6R needs to be separately discussed.
In Rel-15, UE can’t transmit any signal in the guard period between SRS resource in one set:
	In Section 6.2.1 of 38.214:
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.


In #106b-e, a minimum gap period of Y symbols is introduced between two SRS resource sets of an xTyR antenna switching located in two consecutive slots. It should be noticed that, when UE is capable of transmitting SRS in all symbols in one slot, the gap between two sets on consecutive slots could be more than 20 symbols. If the same definition of guard period for SRS resources, then these large number of OFDM symbols could not be used for any signals transmission, which significantly impacts the UL throughput. So, it is essentially to allow the signal transmission in the interval between the two SRS resource sets when the interval is larger than Y symbols, where Y is the minimum guard period in current spec.  
Proposal 4: When the interval between two SRS resource sets in consecutive slots is larger than Y symbols, allow for signal transmission on any symbol between the two sets.
4T6R Antenna switching
In the last meeting, following alternatives were agreed for 4T6R:
	Agreement
On SRS configuration for 4T6R, select at least one from the following three alternatives in RAN1#107e
-        Alt 1: 4 + 2
-        Alt 2: 2+2+2
   Alt 2-1: 
-         No guard symbols exist between the 1st and the 2nd transmission. Y guard symbol(s) exist between 2nd and 3rd transmission, where Y is same as the value defined in the current specification for different SCSes
   Alt 2-2: 
-         For SCS=15, 30 and 60KHz: No guard symbols exist
-         For SCS=120 KHz: No guard symbols exist between the 1st  and the 2nd transmission, and 1 guard symbol exists between the 2nd and 3rd transmission
-        Clarification on the notation: [image: cid:image003.png@01D7C59E.E5BB21F0] means totally K resources are needed, where the k-th resource contains [image: cid:image004.png@01D7C59E.E5BB21F0] ports, 1<=k<=K



For Alt. 1, according to power control method for SRS in Rel-15/16, the power for SRS ports of 4-port and 2-port SRS resources is different, which will cause unbalanced coverage and different channel estimation quality on different antenna ports. The channel estimation performance is 3dB less than 2+2+2 in Alt.2, which means the coverage of the SRS antenna switching is reduced 3dB.  
Moreover, the power tolerance ∆TRxSRS defined in RAN4 is only 3dB for power class-3, if the transmit power for 4-port and 2-port resource is already 3dB difference in Alt.1, how can UE to guarantee the total difference is within 3dB, since there is insertion loss existed? It is worth noting that there is no power imbalance issue for 2+2+2 in Alt.2, since each SRS resource is with the same number of SRS ports. Compared to Alt.1, i.e., 4+2, Alt.2 with 2+2+2 is no issue of power imbalance, and 3dB gain for channel estimation for SRS. Then, for the question on whether the guard period is required for Alt.2. 2+2+2 cases. Since UE has the capability of 4Tx simultaneous transmission, the 4 antennas can be separated as 2+2 antennas in different symbols for transmission without guard period. It is the main reason for the proposal of Alt 2-1, with no guard period between the 1st and 2nd transmissions. But, actually, for another 2 antennas after the 2+2 antenna transmission, since PAs are separated from each other, switching of two PAs will not cause signal distortion or hardware damage on another two. So, there seems no guard period is required for the 3 transmissions for 2+2+2, i.e., Alt.2-2 is feasible. Accordingly, when the minimum guard period is 1 symbol, antenna switching can be realized without guard symbols, and when the minimum guard period is 2 symbols, only one guard symbol is needed between 2nd and 3rd transmission. 
Based on the analysis above, we believe that Alt 2-2 is better for 4T6R.
Proposal 5: For 4T6R SRS antenna switching, support Alt. 2-2.
On SRS capacity/coverage enhancement
RB-level Partial sounding
In previous meeting, RB-level partial sounding was agreed to improve the capacity and coverage
	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


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 6: Support PF = 3 for the case where  is a multiple of 3.
RB location hopping for AP-SRS
In previous meetings, RB location hopping across different FH period was agreed for P-SRS and SP-SRS. For AP-SRS, there may be also more than one legacy FH period in some cases. For example, symbol number is 4 and hopping number is 2, which means there will be two legacy FH periods for AP-SRS. The RB location hopping is also beneficial to AP-SRS in such case. So, it’s better to support RB location hopping for AP-SRS in addition to P-SRS and SP-SRS.
Proposal 7: Support RB location hopping for AP-SRS.
RB location hopping within a legacy FH period
In last meeting, some companies proposed to support RB location hopping across repetition symbols within a legacy FH period when R>1. However, we don’t see the necessity to support RB location hoping within a legacy FH period. Moreover, performing the RB location hopping across repetition symbols will reduce the repetition number which may reduce the coverage of SRS.  So, it’s not necessary to support RB location hopping within a legacy FH period.
Observation 1: Supporting RB location hopping within a legacy FH period is not necessary.
Comb 8
In last meeting, following agreement related to the maximum number of CSs for comb 8 was agreed:
	Agreement
For comb-8 SRS in Rel-17, the maximum number of CSs is 6.
· FFS: Whether a maximum number of 12 CSs is supported


According to the agreement, at least 6 CSs are supported for comb 8. And for 12 CSs, we think the necessity should be justified before supporting it. In the practical networks, to ensure the orthogonality between ports, the maximum cyclic shifts is restricted by the channel delay spread, TA error and PDP leakage, etc. In current spec, comb 4 supports maximum 12 CSs because of the restriction of channel delay spread. With same channel environment, the number of available CSs for comb 8 is half of comb 4, since total sampling duration of comb 8 is halved compared to comb 4 as shown in Figure 1. So, we do not think there is use case for supporting CS-12 for Comb-8 commonly in the practical scenarios. 
[image: ]
(a) comb 4
[image: ]
(b) comb 8
Figure 1. comparison of the available CSs for comb 8 and comb 4
Moreover, take 30kHz SRS for example, if maximum 12 CSs is supported, then tolerable delay corresponding to each cyclic shifts is 343.73ns, i.e., 1/96 symbol duration. However, even for the typical indoor office channel model defined in [2], i.e., CDL-A with 39ns RMS delay spread, the maximum delay is about 376.68ns, which is already larger than the tolerable delay for each cyclic shifts. So, it’s difficult to apply 12 cyclic shifts for comb 8 in real networks. So, in our thinking, 12 CSs for comb-8 is not necessary to be introduced, which is over design the system but there is no typical use cases.
Proposal 8: Not support 12 cyclic shifts for comb 8.

One remaining issue for 6 CSs is how to allocate CSs for SRS resource with 4 ports, since 6 is not a multiple of 4. With the CS calculation formula in current spec, i.e.,  , if the maximum number of CSs   and port number , the CS value  will be a non-integer value. To avoid non-integer CS value, two combs can be used to carry 4 ports and each comb carry 2 ports. With this comb allocation method, integer CS value{,  ) mod 6} can be used for the 2 ports in each comb.
Proposal 9: For SRS resource with 4 ports, two combs can be used to carry 4 ports when comb 8 is used.
RRC parameter for aperiodic SRS triggering
In the previous, triggering aperiodic SRS without data and without CSI was agreed for DCI formant 0_1 and 0_2. And in last meeting, there were some discussions on whether the RRC parameter “TriggeringSRSOnly” is need for this feature. Since there is already a UE capability for this feature, once UE report it support the capability, it means gNB can trigger aperiodic SRS without data and without CSI. It’s not necessary to waste RRC signaling to tell UE what UE report to gNB.
Proposal 10: The parameter “TriggeringSRSOnly” is not necessary.
Conclusion
In this contribution, we discussed the enhancements on SRS for Rel-17 and provide following proposals:
Proposal 1: Support the bit width of SOI depends on all SRS resource sets across all CCs.
Proposal 2: To further enhance aperiodic SRS in collision cases, CC ID and SRS set ID based dropping rule can be supported.
Proposal 3: For SRS antenna switching guard period, minimum GP always exists for general structure, but 4T6R needs to be separately discussed.
Proposal 4: When the interval between two SRS resource sets in consecutive slots is larger than Y symbols, allow for signal transmission on any symbol between the two sets.
Proposal 5: For 4T6R SRS antenna switching, support Alt. 2-2.
Proposal 6: Support PF = 3 for the case where  is a multiple of 3.
Proposal 7: Support RB location hopping for AP-SRS.
Proposal 8: Not support 12 cyclic shifts for comb 8.
Proposal 9: For SRS resource with 4 ports, two combs can be used to carry 4 ports when comb 8 is used.
Proposal 10: The parameter “TriggeringSRSOnly” is not necessary.
And also with the following observations:
Observation 1: Supporting RB location hopping within a legacy FH period is not necessary.
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