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Introduction
This contribution discusses Samsung’s view on SRS enhancement of NR FeMIMO. 
Discussion
1 
2 
Support of flexible aperiodic triggering
The following is the agreement of the last 103-e and 104-e meeting for flexible aperiodic SRS triggering. The followings are 
	Agreement
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,
· Based on only RRC configuration, “available slot” is the slot satisfying: there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set
· FFS explicit or implicit indication of t
· FFS whether updating candidate triggering offsets in MAC CE may be beneficial




	Agreement
Confirm the following working assumption with modifications
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI

Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.
· In DCI format 0_1/0_2 without data and without CSI request, 
· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 1-2: Re-purpose unused DCI field to indicate t
· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB
· FFS design details with other potential field(s)
· FFS: whether t can be slot offset
· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 2-1: t is indicated by adding a new configurable DCI field
· Alt 2-2: t is indicated without adding DCI payload
· Note: The size of DCI payload does not change dynamically
· Note: RAN1 should strive for unified solution for different DCI formats.
· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.

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 behavior 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




· Definition of reference slot: In order to use the new offset introduced in Rel-17, the reference slot should be defined to transmit the SRS through the triggering DCI. According to the definition of the slotoffset used in Rel-15/16, the reference slot is determined by adding a slotoffset from the slot in which DCI is transmitted. If the new offset 't' is added here, since t is determined in addition to the slotoffset, a limitation may occur in some corner scenarios. On the other hand, if the slotoffset is not considered, the definition implemented in Rel-15/16 cannot be used and thus will rely only on the new offset, so the added offset and slotoffset must be operated separately from each other. Since both options have advantages and disadvantages, we think it is most desirable to use both methods in combination. Since the slotoffset is not configured (assume 0 offset) even in the Rel-15/16, if only a new offset is used, the reference slot may be determined as the slot in which the DCI was received. If configuring both slotoffset and new offset, one can follow the reference slot definition defined in Rel-15/16.
Proposal 1. When ‘slotoffset’ and a list of ‘t’ are configured, the reference slot is followed by the slot indicated by the legacy triggering offset and when ‘slotoffset’ is not configured (is absent) but a list of ‘t’ is configured, the reference slot is the slot with the triggering DCI.
· Detail design of triggering DCI: In order to recognize the DCI format 0_1/0_2 for aperiodic SRS triggering without data and without CSI, the UE may use a method of receiving a triggering indication repurposing an existing field or using a method of receiving an indication through a new RNTI. In the DCI designated for aperiodic SRS triggering, various unused fields can be repurposed for indicating the flexible SRS transmission. To have unified solution, we prefer the options of indicating 't' flexibly by recycling the unused field without adding DCI payload for both DCI format 0_1/0_2/1-1/1-2 for SRS triggering with data and the DCI format 0_1/0_2 for without data/CSI. If additional bit length is needed, larger DCI overhead may affect performance and benefits for reducing DCI overhead for SRS triggering will reduce. For example, for DCI format without 0_1/0_2 without data (UL-SCH indicator is set to ‘0’), unused DCI fields except ‘CSI request’ can be reused to indicate ‘t’. Similarly, the indication of t without additional DCI payload can be considered for aperiodic SRS triggered by DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH. 
Proposal 2. support alt 1-2 (Re-purpose unused DCI field to indicate t) for DCI format 0_1/0_2 without data and without CSI request.
Proposal 3. support alt 2-2 (t is indicated without adding DCI payload) for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH.
· MAC CE based ‘t’ updates: In designing the aperiodic SRS triggering, it is not desirable to increase the size of the DCI in terms of overall system performance. Therefore, a flexible triggering offset must be indicated using a limited number of bit. However, considering the degree of freedom for overall SRS triggering, it is difficult to obtain the desired performance with a limited bit size. To solve this, the available offset for t is indicated by RRC and some of them are used by DCI, and MAC CE can update the set of values used by DCI. Then, the size of the DCI bit is not increased and the offset is adjusted according to the situation without RRC reconfiguration. 
Proposal 4. Support MAC CE based ‘t’ updates for flexibility.
· Group-common DCI based triggering: In the case of the group-common DCI, there is no increase in the number of UE-specific DCIs in the system, but for keeping the reliability, a DCI with a very high aggregation may be used. Note that support of group-common DCI would not cause much specification impact since Rel-16 already supports group-common DCI for triggering SRS with carrier switching. In our view, the existing DCI can be readily extended to trigger SRS for other purposes as well. Another examples, when the potential amounts of PDCCH resources are limited due to the narrow bandwidth or opportunistic transmissions in NR-U, etc., group-common DCI could be a better solution than the first one to have more chances to trigger SRSs from more UEs.
Proposal 5. Support group-common DCI for the flexible aperiodic SRS transmission.
Usage reduction
In Rel-15, sharing same SRS resources for different purposes was supported. However, since the antenna virtualization of the UE is not limited, the gNB does not know whether UE can apply same virtualization for both antenna switching (AS) and codebook (CB) purposes. When UEs are implemented in consideration of common use, there should be no problem in the operation of the terminal even if there is no such confidence. In Rel-17, in order to remove this uncertainty, a method in which the gNB acquires some information among the implementation assumptions of the UE has been proposed. For example, it might be possible to support a capability signalling that informs the gNB about the UE using such implementation for Rel-17, and also informs whether SRS can be used for both AS and the CB at the same time. However, since antenna virtualization is decided not only for SRS and but also for various implementation issues, it is not easy to guarantee such implementation with additional signalling, and therefore, it is questionable whether such limitation will solve this problem.
Observation 1. Common configuration of multiple SRS usage might be useful for overhead reduction but not sure whether a specific implementation is guaranteed or not.
Antenna Switching up to 8RX
The following is the agreement of the last 104-e meeting for antenna switching.
	Agreement from RAN1#104-e
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.


· N candidates: Considering multiple combinations between antenna ports and SRS resource set configuration, we prefer to support the following N candidates. 
Proposal 6. Support the following K and N values for antenna switching. 
· For 1T6R, K=6, N={1, 2, 3, 4}, N_max = 4, and each resource has 1 port.
· For 1T8R, K=8, N={1, 2, 3, 4}, N_max = 4, and each resource has 1 port.
· For 2T6R, K=3, N={1, 2, 3}, N_max = 3, and each resource has 2 ports.
· For 2T8R, K=4, N={1, 2, 3, 4}, N_max = 4, and each resource has 2 ports.
· For 4T8R, K=2, N={1, 2}, N_max = 2, and each resource has 4 ports

For distribution of K into K resources, we also support RRC configuration with considering possible combinations including even and uneven distribution. Details can be found in the table below
	　
	# of SRS resource sets
	# of SRS resources per set
	# of SRS ports per resource
	# of total slots

	1T6R
	1
	6
	1
	1

	
	2
	1/5
	1
	2

	
	2
	3/3
	1
	2

	
	2
	2/4
	1
	2

	
	3
	2/2/2
	1
	3

	
	3
	1/1/4
	1
	3

	
	4
	1/1/2/2
	1
	4

	1T8R
	1
	8
	1
	1

	2T6R
	1
	3
	2
	1

	
	2
	1/2
	2
	2

	
	3
	1/1/1
	2
	3

	2T8R
	1
	4
	2
	1　

	
	2
	2/2
	2　
	2　

	
	3
	　1/1/2
	2　
	3　

	
	4
	1/1/1/1
	2
	4

	4T6R
	2
	1/1
	2/4
	2

	
	2
	1/2
	4/1
	2

	4T8R
	1
	2
	4
	1

	
	2
	1/1
	4
	2



SRS capacity and coverage enhancement
The following is the agreement of the last 104-e meeting for SRS capacity and coverage enhancement.
	Agreement
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· [bookmark: _GoBack]Support to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the  RBs
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.



Based on the agreement, we summarized the remaining issues for SRS capacity and coverage enhancement.
· PF values: Based on the agreement of cat 2 scheme,  contiguous RBs partial frequency sounding was supported with  candidates value from {2, [3], 4, 8}. When combining and possible  values, some of  can fall into the SRS sequence length that is not supported in the current specification. In addition, in some cases,  operations can incur the unequal size of partial RBs within . For example, if  and ,  can be divided into 7 of 8 RB with remaining 4 RBs. Considering joint uses of multiple enhancement schemes (repetition, partial BW, and 8 Comb), above two cases make the partial frequency sounding design more complex. To prevent these problematic cases, we can consider following options to support partial frequency sounding:
Proposal 7. Support one of the options for the partial BW SRS transmission.
 -  Opt. 1: support the set of  values per that satisfy that the size of all partial freq. BW can be same. 
 -  Opt. 2: support only  and subset of where the size of partial freq. BW can be same.
Conclusion
In this contribution, the following proposals are given: 
Proposal 1. When ‘slotoffset’ and a list of ‘t’ are configured, the reference slot is followed by the slot indicated by the legacy triggering offset and when ‘slotoffset’ is not configured (is absent) but a list of ‘t’ is configured, the reference slot is the slot with the triggering DCI.
Proposal 2. support alt 1-2 (Re-purpose unused DCI field to indicate t) for DCI format 0_1/0_2 without data and without CSI request. 
Proposal 3. support alt 2-2 (t is indicated without adding DCI payload) for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH.
Proposal 4. Support MAC CE based ‘t’ updates for flexibility.
Proposal 5. Support group-common DCI for the flexible aperiodic SRS transmission.
Proposal 6. Support the following K and N values for antenna switching. 
· For 1T6R, K=6, N={1, 2, 3, 4}, N_max = 4, and each resource has 1 port.
· For 1T8R, K=8, N={1, 2, 3, 4}, N_max = 4, and each resource has 1 port.
· For 2T6R, K=3, N={1, 2, 3}, N_max = 3, and each resource has 2 ports.
· For 2T8R, K=4, N={1, 2, 3, 4}, N_max = 4, and each resource has 2 ports.
· For 4T8R, K=2, N={1, 2}, N_max = 2, and each resource has 4 ports.

Proposal 7. Support one of the options for the partial BW SRS transmission.
 -  Opt. 1: support the set of  values per that satisfy that the size of all partial freq. BW can be same. 
 -  Opt. 2: support only  and subset of where the size of partial freq. BW can be same.
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