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Introduction
In RAN1#115 [1], one company raised ambiguity issue on how to determine SRS transmission occasion [2]. 
This contribution provides Samsung’s view on how to determine SRS transmission occasion.

Discussion
In the previous meeting, one company pointed out the issue that current definition of ‘the SRS transmission occasion i’ and ‘transmit power split equally across the configured antenna ports for SRS’ could be ambiguous [2]. Majority view was that SRS transmission occasion is based on SRS resource but some companies understood a SRS transmission occasion could consist of consecutive multiple SRS resources according to below [3]:
	[bookmark: _Toc12021444][bookmark: _Toc20311556][bookmark: _Toc26719381][bookmark: _Toc29894812][bookmark: _Toc29899111][bookmark: _Toc29899529][bookmark: _Toc29917266][bookmark: _Toc36498140][bookmark: _Toc45699166][bookmark: _Toc156237173]7	Uplink Power control
-- omitted--
A PUSCH/PUCCH/SRS/PRACH transmission occasion  is defined by a slot index  within a frame with system frame number , a first symbol  within the slot, and a number of consecutive symbols . For a PUSCH transmission with repetition Type B, a PUSCH transmission occasion is a nominal repetition [6, TS 38.214].
-- omitted--



However, in our view, SRS transmission occasion could be per SRS resource because starting position of SRS resource could be different as the RRC configuration for SRS resource (if SRS resources are not overlapped in time domain) [4]. 
	-- omitted--

SRS-Resource ::=                        SEQUENCE {
    srs-ResourceId                          SRS-ResourceId,
    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},
    ptrs-PortIndex                          ENUMERATED {n0, n1 }                                           OPTIONAL,   -- Need R
    transmissionComb                        CHOICE {
        n2                                      SEQUENCE {
            combOffset-n2                           INTEGER (0..1),
            cyclicShift-n2                          INTEGER (0..7)
        },
        n4                                      SEQUENCE {
            combOffset-n4                           INTEGER (0..3),
            cyclicShift-n4                          INTEGER (0..11)
        }
    },
    resourceMapping                         SEQUENCE {
        startPosition                           INTEGER (0..5),
        nrofSymbols                             ENUMERATED {n1, n2, n4},
        repetitionFactor                        ENUMERATED {n1, n2, n4}
    },
    freqDomainPosition                      INTEGER (0..67),
    freqDomainShift                         INTEGER (0..268),
    freqHopping                             SEQUENCE {
        c-SRS                                   INTEGER (0..63),
        b-SRS                                   INTEGER (0..3),
        b-hop                                   INTEGER (0..3)
    },
    ...
}
-- omitted--



Depending on whether SRS resources are overlapped or not, we can check how to determine SRS transmission occasion.
Determination of SRS transmission occasion for non-overlapped SRS resources in time domain
First, the case that SRS resources are not overlapped in time domain can be considered. SRS resources in a SRS resource set can be transmitted as shown in figure 1.
 
[image: ]
Figure 1. Example of non-overlapped SRS resources in a SRS resource set

In Figure 1, four SRS resources are configured in a SRS resource set #1 and different startPosition and same nrofsymbols are configured for all SRS resources in a set. According to legacy definition of SRS transmission occasion, transmission occasion for each SRS resource can be defined separately due to different first symbol S. 

Observation 1: If SRS resources in a SRS resource set are not overlapped in time domain, SRS transmission occasion can be defined per SRS resource due to different first symbol S for each SRS resource.

Determination of SRS transmission occasion for overlapped SRS resources in time domain
[bookmark: _GoBack]For SRS resources in a SRS resource set(s) with certain usage (e.g. ‘nonCodebook’ or ‘beamManagement’), more than one SRS resources can be transmitted simultaneously. Followings are related specification on simultaneous SRS transmission in time domain [4].
	[bookmark: _Toc11352141][bookmark: _Toc20318031][bookmark: _Toc27299929][bookmark: _Toc29673202][bookmark: _Toc29673343][bookmark: _Toc29674336][bookmark: _Toc36645566][bookmark: _Toc45810611][bookmark: _Toc155777400]6.1.1.2 	Non-Codebook based UL transmission
-- omitted--
The UE shall use one or multiple SRS resources for SRS transmission, where, in a SRS resource set, the maximum number of SRS resources which can be configured to the UE for simultaneous transmission in the same symbol and the maximum number of SRS resources are UE capabilities. The SRS resources transmitted simultaneously occupy the same RBs.
-- omitted--
[bookmark: _Toc11352156][bookmark: _Toc20318046][bookmark: _Toc27299944][bookmark: _Toc29673218][bookmark: _Toc29673359][bookmark: _Toc29674352][bookmark: _Toc36645582][bookmark: _Toc45810631][bookmark: _Toc155777427]6.2	UE reference signal (RS) procedure
[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583][bookmark: _Toc45810632][bookmark: _Toc155777428]6.2.1	UE sounding procedure
-- omitted--
When the higher layer parameter usage is set to 'beamManagement', only one SRS resource in each of multiple SRS resource sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.
-- omitted--



Based on the current specification for simultaneous SRS transmission, following examples could be considered for overlapping SRS resources in time domain.

[image: ]
Figure 2. Example of overlapping SRS resources

Left in figure 2 is an example of SRS resource set for noncodebook which includes overlapped SRS resources in time domain. As legacy definition of SRS transmission occasion, we can consider two overlapped SRS resource #1 and SRS resource #2 as a SRS transmission occasion and also two overlapped SRS resource #3 and SRS resource #4 can be determined as one transmission occasion. For a SRS transmission occasion, UE can determine the SRS transmission power and UE can split the determined SRS transmission power across two overlapped SRS resources. 
On the other hand, right in figure 2 is an example that two SRS resource sets for beam management are fully overlapped in time domain. If we consider overlapped SRS resource#1 in SRS resource set#1 and SRS resource#1 in SRS resource set#2 as a SRS transmission occasion due to same start symbol S, the ambiguity on determination of SRS transmission power can occur. Because different power control parameters (e.g. alpha, p0, pathlossReferenceRS and srs-PowerControlAdjustmentStates) can be provided per SRS resource set, UE can determine different SRS transmission powers for different SRS resource sets according to configured power control parameters. If one transmission occasion consists of two overlapping SRS resources from different SRS resource sets with different power control parameters, UE cannot determine SRS transmission power for the one SRS transmission occasion. 

Observation 2: If SRS resources of different SRS resource sets with different power control parameters are overlapped in time domain and overlapping SRS resources are considered as same SRS transmission occasion, there can be ambiguity on determination of SRS transmission power. 

To resolve the problem from ambiguity, several approaches can be considered. First approach is the definition of SRS transmission occasion can be further specified considering overlapping SRS resources. To clarify UE’s behavior to determine SRS transmission occasion without any ambiguity, SRS transmission occasion can be defined per SRS resource even though multiple SRS resources are fully overlapped in time domain. Alternatively, SRS transmission occasion can be determined within SRS resource set, i.e., SRS resources in different SRS resource set cannot be considered as same SRS transmission occasion. Second approach is configuration and scheduling restriction can be introduced. If two overlapping SRS resources in two different SRS resource sets are defined as same SRS transmission occasion and same power control parameters in the two SRS resource sets are configured, there is no ambiguity because SRS transmission power for the two SRS resource sets could be same. As third approach, one of SRS resource or SRS resource set (if two SRS resource sets are overlapped) can be prioritized and UE calculate SRS transmission power based on prioritized SRS resource or prioritized SRS resource set. If RAN1 defines priority rule(s) for overlapping SRS resources, the ambiguity can be solved even though overlapping SRS resources are included in the same SRS transmission occasion. For the third approach, additional RAN1 discussion to prioritize one is needed. 

Proposal 1: Support at least one of alternatives to resolve ambiguity problem from overlapping SRS resources
· Alt1. On top of legacy rule to determine SRS transmission occasion, SRS transmission occasion can be defined per SRS resource
· Alt2. On top of legacy rule to determine SRS transmission occasion, SRS transmission occasion can be defined per SRS resource set
· Alt3. via RRC configuration restriction and scheduling restriction, gNB can avoid the case that SRS resources from different SRS resource sets with different power control parameters are overlapped 
· Alt4. On top of legacy rule to determine SRS transmission occasion, new priority rule within a SRS transmission occasion which consists of overlapping SRS resources can be additionally defined

Transmission power split across SRS antenna ports
According to the SRS transmission occasion, UE determines the SRS transmission power for SRS transmission occasion and UE splits the transmit power equally across SRS antenna ports.
	[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc156237178]7.3	Sounding reference signals
For SRS, 
-	if a UE is provided tdm for an SRS resource with 8 ports in an SRS resource set with usage 'codebook' or 'antennaSwitching', the UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports on each symbol for SRS transmission.
-	else, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS. 
[bookmark: _Ref500079796][bookmark: _Toc12021450][bookmark: _Toc20311562][bookmark: _Toc26719387][bookmark: _Toc29894818][bookmark: _Toc29899117][bookmark: _Toc29899535][bookmark: _Toc29917272][bookmark: _Toc36498146][bookmark: _Toc45699172][bookmark: _Toc156237179]7.3.1	UE behaviour
If a UE transmits SRS based on a configuration by SRS-ResourceSet on active UL BWP  of carrier  of serving cell  using SRS power control adjustment state with index , the UE determines the SRS transmission power  in SRS transmission occasion  as 
[image: ] [dBm]
where,
-- omit --



First, we assume only one SRS transmission occasion is determined at a given symbol instance. We can consider the configured antenna ports of SRS as total SRS antenna ports within the SRS transmission occasion. For an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, SRS transmission occasion can be determined per SRS resource and the transmit power for the transmission occasion can be split equally across SRS antenna ports which is configured in SRS resource. If we assume that multiple SRS resources for an SRS resource set with usage ‘nonCodebook’ are overlapped in time domain and a SRS transmission occasion consists of overlapping SRS resources, we can consider the configured SRS antenna ports for SRS as the sum of SRS antenna ports of SRS resources in the SRS transmission occasion. The transmit power can be split equally across overlapping SRS resources.
Similarly, if multiple SRS transmission occasions could be defined in same symbol(s), our understanding is transmit power could be calculated per SRS transmission occasion and transmit power for the SRS transmission occasion should be split equally across the total SRS ports within the SRS transmission occasion. 

Proposal 2: UE calculates the SRS transmission power per SRS transmission occasion and transmit power for the SRS transmission occasion should be split equally across the total SRS ports within the SRS transmission occasion

However, if multiple SRS transmission occasions are defined in same symbol, the sum of transmit power for all SRS transmission occasions could exceed the UE’s maximum transmit power (Pcmax). During offline discussion, companies have different views on this case. First view is that clear rule to determine actual transmit power for each SRS transmission occasion can be defined when the sum of transmit powers for overlapping SRS transmission occasions exceeds UE’s maximum transmit power. The other view is that this issue due to exceeding transmit power can be handled via UE’s implementation and additional clarification might not be needed. In our view, RAN1 didn’t discuss this issue enough, so we suggest to discuss whether additional clarification or enhancement to solve power exceeding problem are needed or not when the sum of transmit powers for overlapping SRS transmission occasions exceeds UE’s maximum transmit power. 
 
Proposal 3: Suggest to discuss whether additional clarification or enhancement to solve power exceeding problem are needed or not when the sum of transmit powers for overlapping SRS transmission occasions exceeds UE’s maximum transmit power.


Conclusion
In this contribution, the following proposals is given: 
Observation 1: If SRS resources in a SRS resource set are not overlapped in time domain, SRS transmission occasion can be defined per SRS resource due to different first symbol S for each SRS resource.
Observation 2: If SRS resources of different SRS resource sets with different power control parameters are overlapped in time domain and overlapping SRS resources are considered as same SRS transmission occasion, there can be ambiguity on determination of SRS transmission power.
Proposal 1: Support at least one of alternatives to resolve ambiguity problem from overlapping SRS resources
· Alt1. On top of legacy rule to determine SRS transmission occasion, SRS transmission occasion can be defined per SRS resource
· Alt2. On top of legacy rule to determine SRS transmission occasion, SRS transmission occasion can be defined per SRS resource set
· Alt3. via RRC configuration restriction and scheduling restriction, gNB can avoid the case that SRS resources from different SRS resource sets with different power control parameters are overlapped 
· Alt4. On top of legacy rule to determine SRS transmission occasion, new priority rule within a SRS transmission occasion which consists of overlapping SRS resources can be additionally defined
Proposal 2: UE calculates the SRS transmission power per SRS transmission occasion and transmit power for the SRS transmission occasion should be split equally across the total SRS ports within the SRS transmission occasion
Proposal 3: Suggest to discuss whether additional clarification or enhancement to solve power exceeding problem are needed or not when the sum of transmit powers for overlapping SRS transmission occasions exceeds UE’s maximum transmit power.
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