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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 102-e meeting for flexible aperiodic SRS triggering.
	Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt 3: Update triggering offset in MAC CE
· Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB to choose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.
Study the following two alternatives in the scope to enhance at least one DCI format for aperiodic SRS triggering 
· Alt 1: Use UE-specific DCI, e.g., extending DCI 0_1 without uplink data and without CSI
· Alt 2: Use group-common DCI, e.g., extending DCI 2_3 for cases other than carrier switching
· Further consideration aspects may include simultaneous or CC-specific SRS triggering for multiple CCs, dynamic indication of SRS frequency resources, etc..



Since Rel-16 aperiodic SRS should be triggered by one of UE-specific DCIs based on the semi-static triggering offset configured by higher layer, it has been reported that PDCCH conveying the triggering DCIs can be overloaded especially in TDD system with DL heavy traffic. To transmit an SRS adaptively to the dynamically changing resources no matter what alternative is used, the following functions may require: a method for indicating in advance, for determining when to transmit, and for solving when the indicated transmission is not possible. For a method of indicating in advance, alternative 1 looks straight-forward but is not complete solution for the flexible SRS triggering. The longer the pre-triggering time is, the more difficult the SRS transmission may occur due to the influence on scheduling, configuration, and resource changes occurring later. In case there are many UEs that have reserved SRS transmission in advance, there must be a method of additionally adjusting the actual location of the transmittable resource among multiple available resources. In addition, in preparation for the possibility that the UL/DL configuration of the system may be changed and the case where the SRS transmission becomes unnecessary, there must be a process of changing or cancelling the triggered SRS transmission to be operated flexibly. Therefore, we support the method adding a flexible control function using DCI on top of alternative 1. Additionally, a method of updating pre-configured RRC information using MAC-CE might be considered further.
Proposal 1. Support the dynamic offset controlling with DCI on top of the automatic delay
· FFS: MAC-CE based updates for dynamic offset value for triggering DCI
[bookmark: _GoBack]As the TDD system becomes common, the importance of SRS is gradually increasing. Therefore, it is necessary to manage SRS flexibly, and avoiding the crowding of DCI is the key. Looking at the alternatives summarized so far, the method of distributing DCI and combining DCI is representative. Both methods have advantages and disadvantages. In the case of the distributed method (e.g., UE-specific DCI), there is little increase in DCI overhead at one scheduling point in time, but as a whole system, a considerable amount of DCI will occur and overhead increase, but on the contrary, reliability can be maintained by transmitting the optimal aggregation for DCI for each UE. In the case of the combining method (e.g., group-common DCI), there is no increase in the number of DCIs in the system, but for reliability, a DCI with a very high aggregation must be used, and there is a problem in terms of the overhead in a specific scheduling slot. In addition, the choice of two methods should link the DCI currently used by the gNB. In the case of a specific gNB, the group DCI may not be used and may depend only on the UE-specific DCI, and when the group DCI is used by another gNB for SFI or other, the utilizing group-common DCI for multiple purpose will increase overall efficiency. Another examples, when the potential amounts of PDCCH resources are limited due to the narrow bandwidth or opportunistic transmissions in NR-U, etc., one of the second or third options could be a better solution than the first one to have more chances to trigger SRSs from more UEs. Therefore, considering these points, supporting both methods will provide maximum flexibility. 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.
Proposal 2. Support both UE-specific DCI and group-common DCI for triggering/re-triggering/cancelling the flexible aperiodic SRS transmission.
· RRC configured which DCI(s) type is(are) used for triggering/re-triggering/cancelling purpose

Support of antenna switching for up to 8 antennas
The following is the agreement of the last 102-e meeting for antenna switching.
	For SRS antenna switching up to 8Rx, study the configuration of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.
· Study points may include CSI latency, performance considering aspects like insertion loss, use cases, antenna structure, UE power saving, SRS resource configuration, etc..



In the case of antenna switching, WID includes enhancement of both FR1 and FR2. Considering the implemented antenna structure in UE, it is necessary to separate the problems into two category. In the case of FR1 category, in general, it has a patch-type antenna shape, one antenna patch will contribute one SRS transmission, in the case of FR2, it is mainly in the form of a panel, and several antennas constitute a beam for SRS transmission. The main purpose of antenna switching is to obtain DL MIMO channel, but the another purpose of using this can be for beam diversity gain. From this point of view, the antenna structure can different from FR1 and FR2, but the desired purposes can be achieved by applying the common solution.
In FR1, there are two types of antenna structure are typically used in the implementations. One type is to use non-overlapped structure and the other type is common structure. In the case of a non-overlapped structure, some antennas support an arbitrary frequency band, and the frequency band supported by each antenna is partially overlapped. In the case of the overlapped structure, it is an implementation designed so that all or some antennas support an arbitrary frequency band and the frequency bands supported by antenna are included with each other. According to these structures, the structure of an available antenna is different depending on what band the UE uses and how many RATs operates. In order to handling this aspect and the fallback mode introduced in Rel-16, the following combinations are proposed.
Proposal 3. Support the following combinations of SRS resource set and SRS resource(s) per set for SRS switching for up to 8 antennas
	　
	# 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



· Antennas switching with panel in FR2 can be studied under antenna switching enhancements.
· FFS to consider 4 Tx cases in FR1 for future product

SRS capacity and coverage enhancement
The following is the agreement of the last 102-e meeting for SRS capacity and coverage enhancement.
	For SRS coverage/capacity enhancements, evaluate and, if needed, specify one or more from three categories based on the following definition. 
· Class 1 (Time bundling): Utilize relationship among two or more occasions of one or more SRS resources in one or more slots to enable joint processing within time domain.
· Study aspects include the issue of phase discontinuity, interruption of SRS transmission by other UL signals, etc..
· Class 2 (Increase repetition): Change the legacy SRS pattern in one resource and one occasion from time domain by increasing SRS symbols for repetition. 
· Study aspects include to use TD-OCC to compensate the negative impact on SRS capacity, inter-cell interference randomization, whether these SRS symbols are in one slot or consecutive slots, etc..
· Class 3 (Partial frequency sounding): Support more flexibility on SRS frequency resources to allow SRS transmission on partial frequency resources within the legacy SRS frequency resources.
· Study aspects include the partial frequency resources are with RB level or subcarrier level (e.g., larger comb, partial bandwidth), PAPR issue, etc..



Although any OFDM symbol in a slot can be a candidate for SRS transmission Rel-16, there has been no enhancement on the maximum number of SRS OFDM symbols within a slot for a UE. i.e., still up to 4 OFDM symbols in a slot can be used for SRS repetition. Compared with the Rel-16 LTE in where all the 14 symbols can be utilized SRS transmission for a UE, the capacity/coverage of NR SRS could be relatively low. All three classes can achieve the purpose of increasing capacity and coverage. However, in the case of both classes 1 and 2, the more time resources are required to increase capacity and coverage, and in the case of class 3, less frequency resources are used to increase SRS multiplexing, and increase the coverage by boosting power. Since capacity and coverage can be increased without changing the existing SRS time resource structure with class 3, there is an advantage in terms of latency for obtaining channel information. On the other hand, channel accuracy may be degraded due to a decrease in the number of used frequency resources. This reduction can be compensated to some extent by increasing the power by increasing the comb. Considering the this latency and uncertainty of the phase continuity of the channel information due to multiple SRS transmission, the class 3 shows slightly preferred than class 1 and 2.
Proposal 4. Consider the partial frequency sounding for SRS capacity/coverage enhancements in Rel-17 as higher priority
· FFS for class 1 and 2.

SRS usage/overhead reduction 
	For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient
· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..




Considering the current RRC structure, we think that reducing the RRC overhead is not a big motivation. In addition, other strong motivations to reduce overhead are not clear so that this issue can be considered lower priority in rel-17.

Conclusion
In this contribution, the following proposals are given: 
Proposal 1. Support the dynamic offset controlling with DCI on top of the automatic delay
· FFS: MAC-CE based updates for dynamic offset value for triggering DCI

Proposal 2. Support both UE-specific DCI and group-common DCI for triggering/re-triggering/cancelling the flexible aperiodic SRS transmission.
· RRC configured which DCI(s) type is(are) used for triggering/re-triggering/cancelling purpose

Proposal 3. Support the following combinations of SRS resource set and SRS resource(s) per set for SRS switching for up to 8 antennas
	　
	# 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


· Antennas switching with panel in FR2 can be studied under antenna switching enhancements.
· FFS to consider 4 Tx cases in FR1 for future product

Proposal 4. Consider the partial frequency sounding for SRS capacity/coverage enhancements in Rel-17 as higher priority
· FFS for class 1 and 2.
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