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Introduction
In this contribution we discuss corrections for remaining issues of non-codebook based UL transmission, including those addressing the need for a switching gap for SRS, simultaneous SRS resource transmission and SRI selection, and PUSCH ‘precoding’ determination from SRS.  Corrections for power control for non-codebook based operation discussed in a companion paper [1] are introduced.  Text proposals are given to implement the corrections.
[bookmark: _Ref178064866]Discussion
Configuration of a switching gap for SRS
The UE capability 2-54a, ‘Simultaneous SRS Tx’, is intended to identify the number of SRS resources the UE can transmit simultaneously, as the name implies.  However, if a UE can simultaneously transmit say, R, SRS resources, but is configured with S>R SRS resources, it would have to switch between sets of resources that it can transmit simultaneously, which in some (for example analog antenna or beam switching) implementations will require some time.  A switching gap is included for the purpose of SRS antenna switching in section 6.2.1.2 of 38.214, in order to facilitate such UE implementations.  However, we note that SRS antenna switching is used for reciprocity based beamforming channel estimation at gNB, and support of this feature is not the same as non-codebook based operation, since UE implementation requirements can be quite different for these two features.  Therefore the question is whether UEs requiring a switching gap for SRS transmission in non-codebook based operation should receive specific specification support. 
If the need for a switching gap for a UE is not known, the brute force solution would be to configure a gap between SRS resources.  If the gNB does not know the UE’s implementation, it will have to assume the likely worst case implementation it expects of UEs.  This assumption would be a guess.  The gNB could for example assume the same switching times as for antenna switching, but this is not guaranteed, and again SRS antenna switching may not be supported by the UE.  This is also contrary to what was decided for antenna switching, which specified a gap for switching.
Given that a specified gap seems needed, the logical starting point would be the gaps already defined for antenna switching in Table 6.2.1.2-1 of 38.214.
Observations:
· It seems needed to define a minimum gap between SRS resources used in non-codebook based transmission
· UEs supporting capability 2-54a, ‘Simultaneous SRS Tx’ may or may not need a switching gap between SRS resources.
· If needed by the UE, the required gap would be unknown unless specified.
· The gaps already defined for antenna switching in Table 6.2.1.2-1 of 38.214 are a logical starting point.
If it could be assumed that all UEs would have a worst case gap requirement, then a brute force solution could be to always configure that gap between adjacent SRS resources.  This is not too constraining, since SRS resources for non-codebook based operation can be transmitted with a wide variety of periodicity and offsets.  It is a bit unfortunate, since then when a UE is configured with 4 SRS resources for non-codebook based operation, they do not fit in one slot even when the UE capability would allow it.
The next level of optimization would be to take into account UE capability for simultaneous SRS transmission, particularly given that a related UE capability has been defined and can be used for this purpose.  UEs that can transmit R resources can be assumed to transmit them in adjacent symbols.  Then gaps would be needed only between sets of R consecutive symbols.  This can be stated more precisely as:
· A UE expects to transmit at most R SRS resources in R consecutive symbols, where 
· R is the number of SRS resources indicated by higher layer parameter maxNumberSimultaneousSRS-PerCC, if supported by the UE.
· A minimum guard period of S symbols is used between any SRS in each set of consecutive resources and any SRS outside the set, where
· S is determined as for antenna switching in Table 6.2.1.2-1 of 38.214.
Observations:
· A specified minimum gap between all SRS resources for non-codebook based operation can be sufficient to support UEs that need a switching time
· However, it precludes transmitting 4 SRS resources for non-codebook based operation in one slot, which is a slight drawback.
· UE capability for simultaneous SRS transmission is well suited to identify where a gap is needed
Proposal 1:
· Specify minimum gaps to be used between any two SRS resources used in non codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
· Further discuss if a mechanism is needed to exploit UE capability for simultaneous SRS transmission to reduce the gaps between SRS resources 
Simultaneous SRS Resource Transmission and SRI Selection
As discussed in RAN1#92 [2] and in RAN1#92bis[3], it is still unresolved how the gNB knows which SRS resources can be transmitted simultaneously by the gNB when the UE is configured with more SRS resources than it can transmit simultaneously in non-codebook based precoding.  There are a number of possible solutions:
1. Preclude that the UE can be configured with more SRS resources than it can transmit simultaneously.
This has a severe drawback:  UEs cannot support gNB controlled uplink antenna selection in non-codebook based operation.  Uplink antenna selection requires that a UE be configured with multiple SRS resources that it can’t transmit simultaneously.  Antenna selections is probably the most basic use case of non-codebook based precoding, and so the above restriction would run counter to agreeing to support non-codebook based transmission in the first place.

2. Use beam management resources to determine which SRS resources can be transmitted simultaneously
Since beam management is not likely to be used for FR1, this is not a general solution.  Also, using SRS-SpatialRelationInfo to establish which resources can be transmitted simultaneously is not really what it is designed for: SRS-SpatialRelationInfo identifies common spatial domain transmission filters (i.e. ‘beam directions’), not which transmit chains are used.

3. Only SRS resources transmitted in the same OFDM symbol can be transmitted simultaneously
This is a simple solution, and still allows for proper non-codebook based operation.  For example, if 4 SRS resources are configured, but only pairs can be transmitted simultaneously, gNB would configure up to two SRS resources per symbol in two different symbols.  The gNB can then pick any SRS resource it wants for each OFDM symbol.  The drawback of such an approach is that four times the SRS power is needed in one OFDM symbol, which will decrease SRS range.  Furthermore, when periodic SRS is used, the same periodicity and slot offset must be used for the resource pairs resulting in some increased overhead and lost flexibility.

4. Only fixed pairs of SRS resources can be transmitted simultaneously
SRI can select any pair of resources in the current signalling.  Since UE can map any physical antenna to an SRS resource, simply limiting the SRI combinations to fixed subsets of the combinations could be enough.  For example, if the UE supports 2 simultaneous SRS transmission and is configured with 4 SRS resources, then SRIs containing SRS resource pairs {0,1} and {2,3} could be precluded, and all other combinations allowed.  Having a fixed mapping may reduce some flexibility in UE implementation, since there can be more than one way to select possible SRS combinations.  However, given that only 4 SRS resources can be configured for non-codebook based operation, the impact on UE flexibility should be minor.

5. The UE signals combinations of SRS resources it can support
This allows full flexibility, and is also conceptually simple.  A drawback is that new RRC signalling would be needed.

Observations:
There are a number of solutions to determining which SRS resources can be transmitted simultaneously, with varying pros and cons:
· Precluding that the UE can be configured with more SRS resources than it can transmit simultaneously eliminates UE techniques such as antenna selection, which is a critical drawback.
· Using beam management resources does not seem like a general solution, being limited to FR1, nor is it clear how to use other SRS resources to establish whether non-codebook based resources can be transmitted simultaneously.
· Allowing only SRS resources in the same symbol to be transmitted simultaneously is not infeasible, but reduces SRS range by up to 6 dB as well as reducing time domain configurability.
· Using predetermined fixed pairs of SRS resources should have limited spec impact and no performance loss, although there may be some loss in UE design flexibility 
· Signaling combinations of possible SRS resources is conceptually simple, and fully flexible, but requires new RRC signalling at a late stage in Rel-15.
Given the above considerations, we propose:
Proposal 2:
· UEs are not restricted from transmitting more SRS resources than they can transmit simultaneously, as this restriction could preclude PUSCH antenna selection via SRI.
· When the UE is configured with more SRS resources than SRS or PUSCH layers that it can simultaneously transmit, a fixed rule determines a subset of SRS resource combinations that can be used by the UE.

[bookmark: _Hlk506574541]PUSCH ‘Precoding’ Determination from SRS
As pointed out in [4], while each layer of PUSCH should be spatially transmitted in the same way as the SRS corresponding to that layer, this is not captured in the specification at present.  We would propose the following wording. This uses the terminology ‘spatial domain transmission filter’ found elsewhere in 38.214. We think this is more suitable than ‘precoding’, since precoding often refers to the application of a precoding matrix in the specifications.
Proposal 3:
· Clarify that each layer of the PUSCH is transmitted with the same spatial domain transmission filter as each SRS resource selected by the SRI.
For 38.214, section 6.1.1.2:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Toc510988219]6.1.1.2	Non-Codebook based UL transmission
For non-codebook based transmission, the UE can determine its PUSCH spatial domain transmision filter precoder and transmission rank based on the wideband SRI given by SRS resource indicator field from the DCI. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is a UE capability.   Each layer of the PUSCH is transmitted with the same spatial domain transmission filter as each SRS resource selected by the SRI. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-Config set to ‘nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
For non-codebook based transmission, the UE can calculate the spatial domain transmision filter precoder used for the transmission of precoded SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set.
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>

Scaling of PUSCH transmission power for UL-MIMO
For PUSCH power control the following is specified in TS 38.213 section 7.1





For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 

The above formulation appears to primarily consider fully coherent codebook based operation, not addressing non-codebook based operation or taking into account UE coherence capability. Given the above text, while codebook based operation with full coherence capability behaves as expected, non-codebook transmission cannot achieve the full transmission power for rank 1, degrading cell edge performance.  There are similar problems for codebook based operation with partial or non-coherent capabilities.
In companion contribution [1], we provide a more detailed background and show example approaches to modify the specification to remedy problems found for codebook as well as non-codebook. The related proposal from [1] for non-codebook based operation is repeated here for convenience:
Proposal (for agenda item 7.1.6):
· 
UL power control for PUSCH should be modified such that UEs using non-codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power. 
Please note that we do not propose to discuss this in the MIMO agenda points, as it will be treated in RAN1#93 under the power control agenda point.  Our intention is to draw the attention of MIMO experts so that that they can participate in the related power control discussion.
Conclusion
In this contribution we have discussed corrections for non-codebook based UL transmission, including and PUSCH ‘precoding’ determination from SRS.  We also summarized some UL MIMO related problems with how power control is specified, pointing to the ongoing discussion under the power control agenda point.  Text proposals are given in section 2 to implement the corrections.  We made the following proposals:
Observation:
· There is continuing discussion of UL MIMO related aspects of power control under agenda item 7.1.6 that MIMO experts may wish to participate in.
Proposal 1:
· Specify minimum gaps to be used between any two SRS resources used in non codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
· Further discuss if a mechanism is needed to exploit UE capability for simultaneous SRS transmission to reduce the gaps between SRS resources 
Proposal 2:
· UEs are not restricted from transmitting more SRS resources than they can transmit simultaneously, as this restriction could preclude PUSCH antenna selection via SRI.
· When the UE is configured with more SRS resources than SRS or PUSCH layers that it can simultaneously transmit, a fixed rule determines a subset of SRS resource combinations that can be used by the UE.
Proposal 3:
· Clarify that each layer of the PUSCH is transmitted with the same spatial domain transmit filter as each SRS resource selected by the SRI.
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