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Introduction
In RAN1#106bis-e, the following agreements [1] were achieved in the scope of Rel-17 FeMIMO SRS enhancement [2]. 
Agreement #1
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
Agreement #2
For the detailed pattern of  when start RB location hopping across legacy FH periods is enabled, support the following
· For PF = 2,  = {0, 1}
· For PF = 4,  = {0, 2, 1, 3}
· Note:  means  for the (n+1)-th legacy FH period, where n = {0, 1, 2, 3, …}
Agreement #3
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
Agreement #4
For comb-8 SRS in Rel-17, the maximum number of CSs is 6.
· FFS: Whether a maximum number of 12 CSs is supported
Agreement #5
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
Agreement #6
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 SCSs
· 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:  means totally K resources are needed, where the k-th resource contains  ports, 1<=k<=K
In this contribution, we discuss further technical details on the SRS enhancements starting from the agreements we have made so far. 
Enhancements on aperiodic SRS triggering
NR Rel-15 supports gNB to trigger aperiodic SRS resource set(s) with DCI, to enable dynamic UL/DL channel measurement. However, the current specification support for this feature is quite restrictive. The restriction will lead to PDCCH congestion, unnecessary DCI/RS overhead and/or unnecessary UE power consumption. It’s needed to enhance network’s flexibility when triggering the aperiodic SRS.
More flexible determination of SRS triggering offset
In previous RAN1 meetings, the general framework of SRS triggering offset enhancement has been decided. To complete this feature, the following remaining issues need to be solved.
· SRS collision handling among multiple CCs.
· Remaining details on DCI indication of the offset t values.
SRS collision among multiple CCs
A set of UE feature groups 22-5a, 5b, 5c and 5d have been introduced in Rel-15. These FGs indicate whether simultaneous transmission between SRS for antenna switching and SRS for CB/NCB/BM/AS is supported for intra-band CA or inter-band CA cases. For UE without such capabilities, UE is not able to support simultaneous transmission between SRS in different CCs. In Rel-15, it is a hard limit as there is no rule for UE to handle the case for SRS collision in multiple CCs. Once gNB configure or trigger such collided SRS in different CCs, neither of the SRS in multiple CCs can be transmitted, as UE assumes it as an error case.
The current mechanism to determine the available slot of aperiodic SRS transmission may cause higher chance of SRS collision among different CCs. For example, in Fig. 2, aperiodic SRS in two different CCs collides in time based on available slot rule, so SRS in neither CC can be transmitted. However, if aperiodic SRS in CC1 is triggered to be transmitted in an unavailable slot based on Rel-15 method, SRS in CC1 cannot be transmitted while SRS in CC2 can be transmitted. This issue is more severe in intra-band CC, where slot format configuration should be same for different CCs. Hence to avoid all the SRS transmissions in different CCs are omitted, the hard limit for SRS simultaneous transmission in multiple CCs causes large restriction on gNB’s scheduling.
[image: ]
Fig. 1 An example of SRS collision in multiple CCs in the case of determining available slots to transmit SRS
Observation 1: The current mechanism to determine the available slot of aperiodic SRS transmission may cause higher chance of SRS collision among different CCs.
· The current UE capability definition only depends on gNB’s configuration to avoid SRS collision among different CCs, which causes large restriction gNB’s scheduling.
· Once collision happens, none of the SRS in these CCs can be transmitted.
A simple solution to solve such issue is to define a rule to prioritize SRS transmission in one CC and omit SRS in other CCs. Then SRS transmission in one CC can be reserved, which is better than the hard limit from NW scheduling perspective. Further, it is better to inherit the per-symbol collision handling rule in Rel-15, i.e., collision handling happens only on the overlapping symbols. 
Proposal 1: Order SRS in different CCs based on a priority rule, and drop the SRS transmission with lower priority in the overlapping symbol(s) when collision happens for UEs not supporting simultaneous SRS transmission among different CCs.
DCI indication of t for cross-CC/BWP triggering
SOI bit width
It has been agreed in Agreement #3 that the bit width of SOI depends on the maximum number of t values configured. One FFS point is whether it should depend on maximum number of t values configured for one CC/BWP or across all the CCs. 
We think the flexibility of having different numbers of t values configured for different BWPs/CCs should be reserved. The number of t values configured should also depend on the UL-DL slot format configuration in gNB’s implementation. For example, if a CC is configured with more UL slots for UL heavy scenarios, gNB may just configure a small number of t values. Hence we think to make the bit width of SOI depend on the number of t values configured for one BWP (i.e., the PDCCH BWP/CC) is better from gNB flexibility perspective. Then the issue is how to interpret the SOI filed when cross-BWP/CC triggering of SRS is indicated in DCI. It can simply follow the approaches used in fields like FDRA for cross-BWP indication, i.e., to use truncation or padding-zero operation. Further, if the indicated BWP/CC does not have any “t” value configured, either it can assume t=0, or follow Rel-15/16 approach to determine SRS slot offset. Since it has been agreed that at least for intra-BWP/cell triggering, no “t” configuration means to follow Rel-15/16 approach. Hence it make more sense to follow Rel-15/16 when the indicated BWP/CC does not have any “t” value configured.
We have the following proposal.
Proposal 2:  Bit width of SOI depends on the maximum number of t values configured for the resource sets in the BWP where the DCI is received. 
· In case of cross BWP/CC triggering of SRS
· If the maximum number of t values configured for resource sets in the indicated BWP is smaller than the DCI BWP, use truncation approach to interpret the SOI field, i.e., omit the MSB bits
· If the maximum number of t values configured for resource sets in the indicated BWP is larger than the DCI BWP (including no t value configured for DCI BWP), use padding-zero approach to interpret the SOI field, i.e., pad 0 to MSB bits
· If the indicated BWP does not have “t” value configured, follow Rel-15/16 approach to determine the SRS offset.
Reference slot when caOffset is configured
Another issue is the definition of reference slot when caOffset is configured. The higher layer parameter caOffset is to configure the slot number offset between two carriers for better NW flexibility to manage things like cross-link interference. In legacy Rel-16 mechanism of determining SRS slot offset, if caOffset is configured, the triggered SRS slot is slot , where , ,  and  are determined by caOffset configurations of the PDCCH carrier and SRS carrier, respectively.
It is needed to support the Rel-17 SRS triggering offset mechanism in the case when is caOffset configured. In such case, it is needed to make reference slot as slot , because it is the slot indicated by legacy triggering offset when caOffset is configured. 
Proposal 3: When at least one “t” value is configured for the indicated BWP in cross carrier SRS triggering, and caOffset is configured, reference slot to use the Rel-17 mechanism to determine the SRS offset is slot , where  , ,  and  are determined by caOffset configurations of the PDCCH carrier and SRS carrier.
Enhancements on SRS antenna switching
The general framework to support configuration of SRS antenna switching with {1T6R, 1T8R, 2T6R, 2T8R, 4T8R} has been established in previous RAN1 meetings. Further, the supported number of resource sets has been decided for each xTyR with aperiodic, periodic or semi-persistent time-domain type. The detailed configurations to support {1T6R, 1T8R, 2T6R, 2T8R, 4T8R} antenna switch can be described as follows based on the agreements so far.
· Aperiodic SRS
· Support the following number of resource sets for {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}. gNB can configure the number of resources in each resource set flexibly.
· {1T6R}: 1, 2, 3 sets, where the total number of resources is 6, and each resource has 1 port
· {1T8R}: 2, 3, 4 sets, where the total number of resources is 8, and each resource has 1 port
· {2T6R}: 1, 2, 3 sets, where the total number of resources is 3, and each resource has 2 ports
· {2T8R}: 1, 2, 3, 4 sets, where the total number of resources is 4, and each resource has 2 ports
· {4T8R}: 1, 2 sets, where the total number of resources is 2, and each resource has 4 ports
· Periodic/semi-persistent SRS
· Support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS
· For xTyR (except for 4T6R), each resource has x ports and each resource set has y/x resources
The major remaining details include the following issues
· How to support 4T6R;
· Whether to support configurable guard symbols.
Support of 4T6R
The ultimate goal of support 4T6R is to enable the UE implementation of having 4 transmission antennas and 6 receive antennas. Hence the configuration just needs to achieve such goal, and some over-design which causes higher RS overhead is not desirable.
Based on the above principle, we support the following configurations for 4T6R.
· Support 2 resources for 4T6R, where the first resource has 4 ports and the second resource has 2 ports.
· For aperiodic SRS, the 2 resources can be configured in 1 set or 2 sets
· For periodic/semi-persistent SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS, where each resource set contains the 2 resources.
The other two options are to support 2+2+2 with some refinements on required guard symbols. These configurations have two major issues.
· Different UE vendors may use different antenna structures to implement 4T6R, so it may not always be possible for UE vendors to omit guard symbols.
· If guard symbols are same as Rel-15/16, 2+2+2 4T6R configuration is same as 2T6R. UE cannot distinguish whether it is a 4T6R configuration or 2T6R configuration, which may cause performance loss if UE transmits 2T6R but the intention of gNB is to configure 4T6R.
Therefore, we have the following proposal.
Proposal 4: Support 2 resources for 4T6R, where the first resource has 4 ports and the second resource has 2 ports.
· For aperiodic SRS, the 2 resources can be configured in 1 set or 2 sets
· For periodic/semi-persistent SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS, where each resource set contains the 2 resources.
Guard symbols
One remaining issue is whether to support configurable presence of guard symbols. As whether to have guard symbols between antenna switching resources really depends on UE implementation. If UE is capable of sending two SRS resources for antenna switching in two adjacent symbols without degrading antenna switching performance, the specification should allow the possibility of configuring the presence of guard symbols, so that gNB does not need to waste valuable air interface resources if guard symbols are not needed by UE.
Proposal 5: On the presence of guard symbols in Rel-17 for SRS antenna switching, support Alt 1-1: Guard symbols are configurable subject to UE capability.
Enhancements on SRS coverage and capacity
Three schemes have been agreed in RAN1#104e to enhance SRS coverage and capacity in Rel-17, i.e., increase repetitions, RB-level partial frequency sounding (RPFS) and comb-8. Further, most of the details for these three schemes have been decided until RAN1#106-e and RAN1#106bis-e. We discuss the remaining details to complete these three features in this section.
RB-level partial frequency sounding (RPFS)
Restriction on  values
One remaining issue is whether any restricted on  values is needed for Rel-17 RPFS as discussed since RAN1#104bis-e. One restriction RAN1 has agreed is new sequences or new sequence length shall be precluded for RPFS. For the agreed PF values, even PF = 4, this restriction can be satisfied when comb 2 is configured as the minimum length of SRS sequence supported by the current specification is 6. Hence there is no need to introduce any other restriction on  values. Note that  being an integer value does not bring any restriction as non-integer values do not work here. Further, if we restrict  as multiples of 4, the supported new patterns will be very limited as  has to be multiples of 8. The configurations to support  being multiples of 8 is just a few. Hence such restriction will defeat the benefit of introducing RPFS.
Proposal 6: For the restriction on  values, support Alt 1, i.e., no restriction other than it is an integer value.
Start RB location hopping for aperiodic SRS
Another remaining issue for start RB location hopping is whether it can be applied for aperiodic SRS. The benefit of having start RB location hopping is also valid for aperiodic SRS. The agreed approach based on legacy FH period level also works for aperiodic SRS. 
· In some cases, e.g., the whole SRS BW contains two legacy frequency hops for 4 or more symbols in one SRS resource, multiple legacy FH periods still exists for aperiodic SRS. For these cases, the same start RB location hopping mechanism in Agreement #2 can be reused for aperiodic SRS. 
· In the case that only one legacy FH hopping period exists in one SRS resources, no start RB location hopping will be applied. The start RB location equals to the configured kF for all the symbols in the aperiodic SRS resource.
Proposal 7: For aperiodic SRS, support the same start RB location hopping mechanism agreed for periodic and semi-persistent SRS.
Comb-8
It has been agreed in Agreement #4 that the maximum number of CS is 6. The remaining issue is how to support 4 ports. We can use the 8 comb offset values to distribute the two pairs of SRS ports. The first pair of ports can locate in comb offset value n1, and the second pair of ports can locate in comb offset value n2. Based on this approach, gNB can configure two comb offset values and two CS values for a 4-port resource with comb 8. Then the 4 ports can be implemented by similar CS allocation equation for two ports with high flexibility. The change on the current CS allocation equation is minimal. 
Proposal 8: The maximum number of CSs for Comb-8 is 6.
· For a 4-port SRS resource, gNB configures two comb offset values and two CS values. 
· The first pair of ports locate in the first configured comb offset according to the first CS value, and the second pair of ports locate in the second comb offset according to the second CS value.
Conclusion
In this contribution, we discuss the remaining issues on SRS enhancements for Rel-17. We have the following observation and proposals.
Observation 1: The current mechanism to determine the available slot of aperiodic SRS transmission may cause higher chance of SRS collision among different CCs.
· The current UE capability definition only depends on gNB’s configuration to avoid SRS collision among different CCs, which causes large restriction gNB’s scheduling.
· Once collision happens, none of the SRS in these CCs can be transmitted.
Proposal 1: Order SRS in different CCs based on a priority rule, and drop the SRS transmission with lower priority in the overlapping symbol(s) when collision happens for UEs not supporting simultaneous SRS transmission among different CCs.
Proposal 2:  Bit width of SOI depends on the maximum number of t values configured for the resource sets in the BWP where the DCI is received. 
· In case of cross BWP/CC triggering of SRS
· If the maximum number of t values configured for resource sets in the indicated BWP is smaller than the DCI BWP, use truncation approach to interpret the SOI field, i.e., omit the MSB bits
· [bookmark: _GoBack]If the maximum number of t values configured for resource sets in the indicated BWP is larger than the DCI BWP (including no t value configured for DCI BWP), use padding-zero approach to interpret the SOI field, i.e., pad 0 to MSB bits
· If the indicated BWP does not have “t” value configured, follow Rel-15/16 approach to determine the SRS offset.
Proposal 3: When at least one “t” value is configured for the indicated BWP in cross carrier SRS triggering, and caOffset is configured, reference slot to use the Rel-17 mechanism to determine the SRS offset is slot , where  , ,  and  are determined by caOffset configurations of the PDCCH carrier and SRS carrier.
Proposal 4: Support 2 resources for 4T6R, where the first resource has 4 ports and the second resource has 2 ports.
· For aperiodic SRS, the 2 resources can be configured in 1 set or 2 sets
· For periodic/semi-persistent SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS, where each resource set contains the 2 resources.
Proposal 5: On the presence of guard symbols in Rel-17 for SRS antenna switching, support Alt 1-1: Guard symbols are configurable subject to UE capability.
Proposal 6: For the restriction on  values, support Alt 1, i.e., no restriction other than it is an integer value.
Proposal 7: For aperiodic SRS, support the same start RB location hopping mechanism agreed for periodic and semi-persistent SRS.
Proposal 8: The maximum number of CSs for Comb-8 is 6.
· For a 4-port SRS resource, gNB configures two comb offset values and two CS values. 
· The first pair of ports locate in the first configured comb offset according to the first CS value, and the second pair of ports locate in the second comb offset according to the second CS value.
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