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1. Introduction
The SRS carrier switching feature has been introduced in NR Rel-15 with the main aspects driving its design by “inheritance” from LTE according to the following agreement from RAN1 #90Bis:
	Agreement:
· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 
· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured
· TA (through PRACH) on TAG without PUSCH/PUCCH configured
· Power control separated from that of PUSCH
· Group common DCI for aperiodic SRS triggering and TPC
· DL/UL interruptions and collision handling due to SRS switching




With this discussion paper, we would like to present our views on some potential issues that may require clarification, and propose a draft CR for some of these.
1. Clarification for Type-A SRS Carrier Switching
1. Set of CCs to apply the TPC commands when SRS request is absent
In DCI Format 2_3 and if the UE is configured with the higher layer parameter srs-TPC-PDCCH-Group = typeA, when the SRS request field is configured, one of the 1st or 2nd or 3rd sets of CCs can be chosen according to the Table 7.3.1.1.2-24 such that the TPC commands apply to the CCs belonging in the chosen set of CCs as described in Section 7.3.1.3.4 of 38.212: 

	If the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeA for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block is configured for the UE by higher layers, with the following fields defined for the block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Subclause 11.4 of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-24.
-	TPC command number 1, TPC command number 2, ..., TPC command number N, where each TPC command applies to a respective UL carrier provided by higher layer parameter cc-IndexInOneCC-Set



However, if the SRS request is not present in the DCI, it is not clear to which set of serving cells the TPC command should correspond to. 

Observation 1: It is not clear how the TPC commands are mapped into serving cells when the SRS request field is not present. Two potential understandings:
· Alternative 1: If the SRS request is absent, the TPC commands apply to the serving cells of the 4th set of CCs. 
· Alternative 2: If the SRS request is absent, the UE does not expect to be configured by higher layers with more than one sets of serving cells. 

Even though any of the above 2 alternative proposals would work, it is likely Alternative 2 to be considered the common understanding. Therefore we make the following proposal: 

Proposal 1: Clarify that only one set of serving cells can be configured if the SRS request field is not present in DCI Format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeA. (Draft CR [X])
1. Simultaneous configuration of Type-A and Type-B 
In LTE, the type-A and type-B SRS carrier switching mechanisms were used only when the number of carriers is larger than 5 or smaller than 5 respectively. Therefore, there was not a case that both types would be configured simultaneously to the UE. In NR. a clarification is missing whether TypeA and TypeB can be configured simultaneously to the UE. Two potential understandings may exist:
· Alternative 1: A UE does not expect to be configured simultaneously with a higher layer parameter srs-TPC-PDCCH-Group = typeA and a higher layer parameter srs-TPC-PDCCH-Group = typeB in two different serving cells. 
· This would mean, that in all the SRS-CarrierSwitching IEs configured within the PUSCH-less serving cells, the srs-TPC-PDCCH-Group would either be equal to type-A or to type-B, but there cannot be one PUSCH-less SCell that is configured with type-A and another one that is configured with type-B. 
· Alternative 2: A UE does not expect to receive configuration of two different PUSCH-less Scells with different srs-TPC-PDCCH-Group value, having a same monitoring cell inside their monitoringCells configuration.
· This means that it is allowed to have one SCell configured for Type-A switching, and another one configured for Type-B switching, but under the condition that these 2 SCells are not triggered by the same DCI (i.e. the same monitoring cell). This condition would be necessary if 2 SCells are allowed to be configured with a different switching type, because it would be unclear how the DCI 2_3 should be interpreted in this scenario. 
Observation 2: It is not clear whether a UE can be configured with both Type-A and Type-B in different serving cells. Current specification can be interpreted as follows:
· Alternative 1: A UE does not expect to be configured simultaneously with a higher layer parameter srs-TPC-PDCCH-Group = typeA and a higher layer parameter srs-TPC-PDCCH-Group = typeB in two different serving cells. 
· Alternative 2: A UE does not expect to receive configuration of two different serving cells with different srs-TPC-PDCCH-Group values, having a same monitoring cell inside their corresponding monitoringCells configuration.
Based on the above discussion, and the fact that in LTE, whose design was inherited to NR, all SCells would either be Type-A or Type-B, we propose this ambiguity to be clarified using the Alternative 1. 
Proposal 2: A UE does not expect to be configured simultaneously with a higher layer parameter srs-TPC-PDCCH-Group = typeA and a higher layer parameter srs-TPC-PDCCH-Group = typeB in two different serving cells. (Draft CR [2])
1. Clarification for Type-B SRS Carrier Switching
2. Ordering of the CCs for Type-B SRS Carrier Switching
In DCI Format 2_3 and Type-B SRS Carrier switching, there is no set of CCs configured in higher layers, nor a corresponding ordering (See in 38.331 the description fields of cc-IndexInOneCC-Set and cc-SetIndex).
[image: ]
Two questions may be raised regarding the operation and configuration of Type-B SRS carrier switching. 
· Question 1: How would the UE map the blocks into serving cells ?
· Question 2: What is the ordering of the SRS transmitted across the serving cells? 

With regards to the 1st question, our understanding is the following as described in 38.212 and 38.213 as shown below:
· A PUSCH-less cell can be configured with a startingBitOfFormat2-3 value and with the SRS-CarrierSwitching IE which would contain the monitoring cells in the field monitoringCells. 
· When a DCI format 2_3 has been detected in a monitoring cell, the UE would use the startingBitOfFormat2-3 configured inside the high layer configuration of the PUSCH-less cell to pick one of the blocks of the detected DCI.  
The associated parts of 38.212, 38.213 specifications are shown below:
	38.212 Section 7.3.1.3.4
If the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeB for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block or more blocks is configured for the UE by higher layers where each block applies to an UL carrier, with the following fields defined for each block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Subclause 11.4 of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-24.
-	TPC command –2 bits

38.213 Section 11.4
A UE configured by higher layers with parameter carrierSwitching is provided 
-	a TPC-SRS-RNTI for a DCI format 2_3 by tpc-SRS-RNTI 
[bookmark: _Hlk508197889]-	an index of a serving cell where the UE interrupts transmission in order to transmit SRS on one or more other serving cells by srs-SwitchFromServCellIndex
-	an indication of an uplink carrier where the UE interrupts transmission in order to transmit SRS on one or more other serving cells by srs-SwitchFromCarrier
-	a DCI format 2_3 field configuration type by typeA or typeB
-	for typeA, an index for a set of serving cells is provided by cc-SetIndex, indexes of serving cells in the set of serving cells are provided by cc-IndexInOneCC-Set, and a DCI format 2_3 field includes a TPC command for each serving cell from the set of serving cells and can also include a SRS request for SRS transmission on the set of serving cells 
-	for typeB, DCI format 2_3 field includes a TPC command for a serving cell index and can also include a SRS request for SRS transmission on the serving cell
-	an indication for a serving cell for whether or not a field in DCI format 2_3 includes a SRS request by fieldTypeFormat2-3 where a value of 0/1 indicates absence/presence of the SRS request – a mapping for a 2 bit SRS request to SRS resource sets is as provided in [6, TS 38.214]
-	an index for a location in DCI format 2_3 of a first bit for a field for a non-supplementary uplink carrier of the serving cell by startingBitOfFormat2-3
-	an index for a location in DCI format 2_3 of a first bit for a field for a supplementary uplink carrier of the serving cell by startingBitOfFormat2-3SUL-v1530



With regards to the 2nd question (i.e. ordering of SRS across the serving cells), the following part of 38.214 is related:

	38.214 Section 6.2.1.3

For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.



However, we think that the sentence “the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI”, can be interpreted in two potential ways:
· Alternative 1: Interpret the “order of the serving cells in the DCI” as ordering according to how the blocks appear in the DCI.
· In the same example as above, in the DCI with 2 blocks, where block1 maps to CC2 and block2 maps to CC1, the SRS is first transmitted in CC2 and then in CC1, because CC2 is associated with block1.  
· Alternative 2: Interpret the “order of the serving cells in the DCI” as ordering first the serving cell with the smaller servingCellindex. 
· For example, in a DCI with 2 blocks, block1 maps to CC2 and block2 maps to CC1, and the SRS is first transmitted in CC1 and then in CC2. 

To understand which is the correct alternative, we are going back to the LTE specification and agreement as shown below ([3]). We observe that the same wording is written in the specification with respect to the ordering as that used in NR, which resulted from an agreement from RAN1 #97 shown below, where the ordering of SRS transmission “follows the order the DCI”. In this agreement, it is clear that it refers to the ordering derived by the blocks appearing the DCI, and there is no relation the serving cell index. 

	Agreement: (RAN1# 87)
For the triggering of multiple CC from a same DCI, the ordering of SRS transmission is as follows:
· For Type A DCI, it follows the order in the RRC configuration
· For Type B DCI, it follows the order in the DCI.

36.213 Section 8.2:
“For a type 1 SRS triggered for more than one TDD serving cell in DCI format 3B and UE configured with no more than 5 TDD serving cells without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with type 1 SRS triggered in the DCI. “




Proposal 3: Capture in the Chairman Notes the following statement (no need of a CR) 
· In the type-B SRS carrier switching, the ordering of SRS transmissions follows the ordering of the blocks appearing the DCI.

1. Conclusion
We make the following observations: 

Observation 1: It is not clear how the TPC commands are mapped into serving cells when the SRS request field is not present. Two potential understandings:
· Alternative 1: If the SRS request is absent, the TPC commands apply to the serving cells of the 4th set of CCs. 
· [bookmark: _GoBack]Alternative 2: If the SRS request is absent, the UE does not expect to be configured by higher layers with more than one sets of serving cells. 

Observation 2: It is not clear whether a UE can be configured with both Type-A and Type-B in different serving cells. Current specification can be interpreted as follows:
· Alternative 1: A UE does not expect to be configured simultaneously with a higher layer parameter srs-TPC-PDCCH-Group = typeA and a higher layer parameter srs-TPC-PDCCH-Group = typeB in two different serving cells. 
· Alternative 2: A UE does not expect to receive configuration of two different serving cells with different srs-TPC-PDCCH-Group values, having a same monitoring cell inside their corresponding monitoringCells configuration.
We make the following proposals: 

Proposal 1: Clarify that only one set of serving cells can be configured if the SRS request field is not present in DCI Format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeA. (Draft CR [2])

Proposal 2: A UE does not expect to be configured simultaneously with a higher layer parameter srs-TPC-PDCCH-Group = typeA and a higher layer parameter srs-TPC-PDCCH-Group = typeB in two different serving cells. (Draft CR [2])
Proposal 3: Capture in the Chairman Notes the following Conclusion (no need of a CR) 
· In the type-B SRS carrier switching, the ordering of SRS transmissions follows the ordering of the blocks appearing the DCI.

1. References
[1] TS 38.212, NR; Multiplexing and channel coding, v15.8.0
[2] R1-2002521, “Draft CR on type-A and Type-B Carrier Switching”, Qualcomm
[3] R1-1613787, List of agreements for SRS Carrier-Based Switching, Huawei
1. Appendix
38.331 SRS-CarrierSwitching IE
-- ASN1START
-- TAG-SRS-CARRIERSWITCHING-START

SRS-CarrierSwitching ::=            SEQUENCE {
    srs-SwitchFromServCellIndex         INTEGER (0..31)                           OPTIONAL,   -- Need M
    srs-SwitchFromCarrier               ENUMERATED {sUL, nUL},
    srs-TPC-PDCCH-Group                 CHOICE {
        typeA                               SEQUENCE (SIZE (1..32)) OF SRS-TPC-PDCCH-Config,
        typeB                               SRS-TPC-PDCCH-Config
    }                                                                            OPTIONAL,   -- Need M
    monitoringCells                     SEQUENCE (SIZE (1..maxNrofServingCells)) OF ServCellIndex               OPTIONAL,   -- Need M
    ...
}

[bookmark: _Hlk512352962]SRS-TPC-PDCCH-Config ::=            SEQUENCE {
    srs-CC-SetIndexlist                 SEQUENCE (SIZE(1..4)) OF SRS-CC-SetIndex                     OPTIONAL    -- Need M
}

SRS-CC-SetIndex ::=                 SEQUENCE {
    cc-SetIndex                         INTEGER (0..3)                          OPTIONAL,   -- Need M
    cc-IndexInOneCC-Set                 INTEGER (0..7)                          OPTIONAL    -- Need M
}

-- TAG-SRS-CARRIERSWITCHING-STOP
-- ASN1STOP

image1.png
SRS-CC-Setindex field descriptions
cc-IndexInOneCC-Set

Indicates the CC index in one CC set for Type A (see TS 38.212 [17], TS 38.213 [13], clause 7.3.1, 11.4). The network always includes this field when the srs-TPC-PDCCH-
Group s set to typeA. The network does not configure this field for typeB.

cc-Setindex

Indicates the CC set index for Type A associated (see TS 38.212 [17], TS 38.213 [13], clause 7.3.1, 11.4). The network always includes this field when the srs-TPC-PDCCH-
Group s set to typeA. The network does not configure this field for typeB.
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