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Introduction
A number of agreements were reached in previous meetings:
From RAN1 #97
Working Assumption
Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability

From RAN1 #98
Agreement
For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission
Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission 
· FFS for the case that part of ports can deliver full power transmission

Agreement
For mode 1, 4Tx non-coherent UE, the new codebook subset
· at least includes, rank 2 TPMI=6 defined in Rel-15
· at least includes, rank 3 TPMI=1 defined in Rel-15

Agreement
For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: support {TPMI=0} and {TPMI=1}
· FFS: Details on UE capability signalling 

Conclusion
For mode 2, no additional rule for spatial filter update for SRS resources with different number ports

Agreement
· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’

In this contribution, we provide our views for mode 1/mode 2 operations.
[bookmark: OLE_LINK9]UL full power Tx for UE capability 2 and 3
In RAN1#97 meeting, two modes were proposed to support UL full power for UE capability 2 and 3. 
The basic concept of these two modes are similar in the sense that power from multiple PAs are leveraged either explicitly by codebook subset (mode 1) or implicitly by port virtualization. However, the signalling and RRC configuration for the two approaches are different. Consider implementation complexity and UE’s preference, both modes can be supported by specification and it should be UE’s capability to indicate which mode (or both) is supported, but gNB should configure one (not both) of the supported modes to UE even UE can support both modes. 

Proposal 1: For capability 2 and 3, UE reports the supported mode {mode1, mode2, mode1_mode2} for UL full power transmission. gNB configure only one of the supported modes to UE.

Some functionalities of the mode 2 in the discussion might be overlapped with that in mode 1. For example, if it defines a new codebook subset (TPMIs) in mode 2 and also allows no additional SRS resource is configured (intended for full power transmission), then it is exactly what mode 1 did. From our view, the definition of each mode including the use case and expected configuration should be clear. RAN1 should look for a solution with less specification and signalling impact. From that, UE can decide the preferred mode according to its implementation.

In the following subsections, we discuss remaining details of mode 1 and mode 2. 

Mode 1 
Before we discuss the details of mode 1, we want to clarify that from the definition of capability 2 and 3, if capability 3 is more capable than capability 2 in the sense that the TPMIs can support full Tx power UL for capability 2 UEs are also applicable to capability 3 UEs for full Tx power UL. By having such an understanding, it will be helpful for determining an appropriate new codebook subset for both capabilities and reduce unnecessary overhead.

Proposal 2: Clarify that if the TPMIs can support full Tx power UL for capability 2 UEs are also applicable to capability 3 UEs for full Tx power UL
 
[bookmark: OLE_LINK1]Due to various PA configurations are possible at UE, reporting or including all possible preferred TPMIs could result in too much overhead. For example, a capability 3 4Tx non-coherent UE has PA configuration [23dBm, 20dBm, 20dBm, 20dBm] or [20dBm, 23dBm, 20dBm, 20dBm], which may prefer using antenna selection precoder [1,0,0,0] and [0,1,0,0], respectively, for full Tx power transmission. However, offering this full flexibility incurs too much signalling overhead. 

To deal with this issue but also support some flexibility, UE can arrange antenna port mapping such that the more powerful PA is assigned to a lower index port. This limits the number of combinations by following a simple port mapping rule while keeps freedom for the implementation without disclosure details and could reduce signalling overhead. As in previous example of non-coherent UE with capability 3, including [1,0,0,0] in the new codebook subset is sufficient and no additional UE signalling is required. In fact, similar scheme is already done in Rel-15 when codebooksubset=’partialAndNonCoherent’ where the antennas in the same coherent group are either in even or odd port index.

Proposal 3: To facilitate full Tx power transmission, arrange antenna port such that the PA output power is non-increasing with the port index for non-coherent/partial-coherent UE

[bookmark: OLE_LINK2]As mode 1 is intended for capability 2 and 3 UE, who is only capable for non-coherent or partial-coherent transmission (note that if UE is capable for full-coherent, there is always a non-antenna-selection precoder in Rel-15 codebook can achieve full power for gNB to choose from), performance of some precoders are not distinguishable. For example, for 4Tx non-coherent UE, [1,1,1,-1] and [1,1,j,j] should have similar performance statistically. In order to avoid additional overhead, we should use the same TPMI size in DCI as in Rel-15. Table 1 (2Tx) and Table 2 (4Tx) summarize the number of codewords can be supported in DCI.

[bookmark: _Ref20734639]Table 1. Allowed number of codewords according to UE capability and rank (2Tx)
	Rank
	Non Coherent

	1
	2

	2
	1



[bookmark: _Ref20734668]Table 2. Allowed number of codewords according to UE capability and rank (4Tx)
	Rank
	Partially Coherent 
	Non Coherent

	1
	12
	4

	2
	14
	6

	3
	3
	1

	4
	3
	1



Proposal 4: Define new codebook subset without increase TMPI size in DCI
As the required TPMI for supporting full Tx power UL may be different for different combination of UE’s coherence {partial-coherent, non-coherent} and UE’s PA capability {capability 2, capability 3}. We discuss the 2Tx/4Tx cases in following subsections considering those combinations.
2TX
Table 3 summarizes 2Tx precoders for full power transmission and their use case. With the port mapping rule as in  Proposal 3, new codebook subset includes two TPMIs in Table 3 is sufficient for both capability 2 and 3 non-coherent UE. The size can also fit the requirement in Table 1.
[bookmark: _Ref20735571]Table 3. Precoder for non-coherent 2TX UE
	Rank
	TPMI
	comments

	1
	  (TPMI=2)
	Agreed in RAN1#98. 
Use case: UE capability 2

	1
	  (TPMI=0)
	Use case: UE capability 3 along with the mapping rule in Proposal 3 (the most powerful PA is mapped to port 0)



4TX
4Tx case becomes a little complicated when consider partial-coherent UE. We separate non-coherent and partial-coherent in discussion below.
Non-coherent UE
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: _GoBack][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For non-coherent UE, coherent combine between antenna ports cannot be guaranteed. For capability 2 UE, at least one non-antenna-selection precoder should be included in the new codebook subset. For capability 3 UE, if the statement in Proposal 2 is true, both non-antenna-selection precoder or single-antenna-selection precoder can be used for full power transmission. If port mapping rule as in Proposal 3 is adopted, is sufficient for single-antenna-selection precoder without additional signalling. In summary, the TMPIs in Table 4 should to be included in new codebook subset which is still within the budget of Table 2.

[bookmark: _Ref20740005]Table 4. Precoder to be included for non-coherent 4TX UE
	Rank
	TPMI
	comments

	1
	  (TPMI=13)
	Agreed in RAN1#98. 
Use case: UE capability 2

	1
	  (TPMI=0)
	Use case: for UE capability 3 along with the mapping rule in Proposal 3

	2
	 (TPMI=6)
	Agreed in RAN1#98. 
Use case: UE capability 2

	2
	 (TPMI=0)
	Use case: for UE capability 3 along with the mapping strategy in Proposal 3

	3
	 (TPMI=1)

	Agreed in RAN1#98. 
Use case: UE capability 2




Partial-coherent UE
Note that TPMIs for non-coherent UE are also applicable for partial-coherent UE for achieving full TX power. As partial-coherent UE has some subset antenna ports which are capable for coherent transmission, other TPMIs in additional to Table 4 can be considered in the new codebook subset as long as they can fit in the number given in Table 2. Furthermore, by mapping rule in Proposal 3, we can consider port 0 always being selected in such precoders. Such precoders are provided in Table 5.
[bookmark: _Ref20744570]	Table 5. Precoder to be included for partial-coherent 4TX UE
	Rank
	TPMI
	comments

	1
	  (TPMI=12),    (TPMI=13),
  (TPMI=14),  (TPMI=15)
	Use case: UE capability 2. 

All possible QPSK phase combination for ports within coherent group

	1
	  (TPMI=0)
	Use case: for UE capability 3 along with the mapping strategy in Proposal 3

	1
	  (TPMI=4),   (TPMI=5),
  (TPMI=6),   (TPMI=7)
	Use case: for UE capability 3 along with the mapping strategy in Proposal 3 (port 0 is selected).
All possible QPSK phase combination for ports within coherent group

	2
	TPMI=6 to TPMI=13
	Use case: UE capability 2 and 3
All antenna are selected.



Furthermore, to reduce specification impact, it is better to define a single new codebook subset used for both capability 2 and capability 3. gNB can select the appropriate TPMI in DCI based on UE’s signalling (capability 2 or capability 3).
Proposal 5: TPMIs in Table 3-Table 5 are supported in new codebook sebset
· A single new codebook sebset is used for both capability 2 and capability 3

Once the new codebook subset is determined, to enable UE to switch to new codebook subset, 1 bit signalling message is required. It can consider to use RRC configuration to enable ULFullPower mode or indicated by DCI. 

Mode 2
TPMIs for mode 2
As mentioned in earlier in this section, mode 2 has a lot of flexibility and some of them could work exactly as the same way as mode 1. For example, if we allow mode 2 to define a new codebook subset and with single SRS resource, then it has no difference from mode 1. From our view, mode 2 should use the same codebook subset as it in Rel-15, and the UL full power is merely achieved by SRS ports virtualization. 
In that sense, for both 2TX/4TX, 
· For capability 2: SRS resource with single port is needed for UL full Tx power.
· For capability 3: mapping rule from Proposal 3 will be useful and gNB can configure SRS resource with 2/4 ports and indicate [1,0] or [1,0,0,0] in the TPMI of DCI
While this should work well for non-coherent UE, one may think port virtualization does not fully leverage the antenna within the coherent group for a partial-coherent UE. Our view is that to take advantage of coherent group, it has to be indicated by TPMI and mode 1 should be the best way (by new codebook subset) for that.
Proposal 6: For mode 2, according to the nrofSRS-Ports configured in the SRS resource, use the corresponding Rel-15 codebook subset without defining a new codebook subset
SRS resource configuration in RRC 
It is agreed to support up to 4 SRS resources in a SRS resource set and up to 2 different spatial relation info can be configured. From our understanding, the main use case for 4 SRS resources is for (2 saptial Info) x (2 SRS resources, one of them for port virtualization). In that situation, many of the configuration are common between SRS resources, an efficient RRC structure should be considered for clear indication and any subsequent update. 
To deal with redundant configuration issues, one solution is to introduce structured SRS resource. To explain the concept, we can first define ‘primary’ (or ‘master’) SRS resource and ‘secondary’ (or ‘slave’) SRS resource where the primary SRS works same as the original SRS resource in Rel-15. A secondary SRS resource is linked to one primary SRS resource and share most of the common parameters as well as the update (e.g., spatialRelationInfo from MAC CE). Secondary SRS resources are configured to capability 2 and capability 3 UEs who support mode 2 operation. In more general case, one may consider a primary SRS resource can potentially linked to more than one secondary SRS resources to leverage different levels of virtualization. The real implementation can be based on the example shown in the bottom of this section by a LinkTag field and illustrated in Figure 1. 
For control signalling, it will require 2-bit SRI to identify one SRS resource out of four. We can interpret the first SRI in DCI as same in Rel-15 for primary SRS resources and the 2nd SRI bit to indicate if it is to use virtualized SRS or non-virtualized SRS. In that way, we can clarify in TS38.214 6.1.1.1 “The indicated SRI in slot n is associated with the later one between the most recent transmission of SRS resource identified by the SRI and the most recent transmission of SRS resource linked to the SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.”
To summarize structured SRS resource, the general procedure can be as described as follows:
· UE report its capability: number of Tx, UL coherence capability, full power Tx capability (for Capability 2 or 3) and {mode1, mode2} capability.
· SRS-Resource configuration in RRC includes one field to link between associated SRS resources, as LinkTag shown below.
· gNB configures up to N primary SRS resources to an UE for maximum N spatial filters configured for SRS-ResourceSet::usage=codebook. For each n=1…N primary SRS resource, it can be configured at most M-1 secondary SRS resources, so up to M SRS resources are linked together (i.e., with the same LinkTag value). All SRS resources with the same LinkTag are configured with different nrofSRS-Ports for different antenna ports virtualization. The relationship between SRS resources is illustrated in Figure 1. Any dynamic behaviour for the SRS resource update is applied to all SRS resources with the same LinkTag.
· UE transmits SRS resources upon request. 
· In DCI, gNB indicates one among M*N SRS resources for PUSCH transmission. If transparent S-CDD is applied during virtualization, same S-CDD are applied to both SRS and PUSCH.

  
[bookmark: _Ref16690921][bookmark: _Ref16690347]Figure 1. Illustration of SRS resources relationship

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)
    },
    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },
    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            ...
        },
        semi-persistent                         SEQUENCE {
            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,
            ...
        },
        periodic                                SEQUENCE {
            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,
            ...
        }
    },
[bookmark: OLE_LINK3]    sequenceId                              INTEGER (0..1023),
    spatialRelationInfo                     SRS-SpatialRelationInfo                                         OPTIONAL,   -- Need R

	LinkTag   INTEGER (0..N-1)   % the linked SRS resources have the same LinkTag, so they are on equal footing, i.e. no slave or master. Where N can be the maximum number of spatial filters can be configured at the same time for codebook transmission 
    ...
}


Proposal 7: In mode 2, consider structured SRS resource to facilitate mode 2 operation to minimize RRC overhead.

Conclusion
Proposal 1: For capability 2 and 3, UE reports the supporting mode {mode1, mode2, mode1_or_mode2} for UL full power transmission

Proposal 2: Clarify that if the TPMIs can support full Tx power UL for capability 2 UEs are also applicable to capability 3 UEs for full Tx power UL

Proposal 3: To facilitate full Tx power transmission, arrange antenna port such that the PA output power is non-increasing with the port index for non-coherent/partial-coherent UE

Proposal 4: Define new codebook subset without increase TMPI size in DCI
Proposal 5: TPMIs in Table 3-Table 5 are supported in new codebook sebset
· Single new codebook sebset are defined for both capability 2 and capability 3
Proposal 6: For mode 2, according to the nrofSRS-Ports configured in the SRS resource, use the corresponding Rel-15 codebook subset without defining a new codebook subset
Proposal 7: In mode 2, consider structured SRS resource to facilitate mode 2 operation to minimize RRC overhead.
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