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Introduction
In RAN1#90bis, more details of UL MIMO coherence capability were fleshed out, and the use of multiple TPMI in codebook based precoding was further discussed.  The following agreements for codebook were then reached for codebook based uplink MIMO with respect to multiple TPMI signaling.
Agreement:
NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
TPMI codewords from the codebook are used by gNB accordingly

Agreement:
For 1 SRS resource
· Full coherence
· All ports corresponding to ports in an SRS resource can be transmitted coherently
· Non-coherence
· All ports corresponding to ports in an SRS resource are not transmitted coherently
· Partial coherence
· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently

Agreement:
· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported
· Non-coherent inter-SRS resource transmission: 
· FFS: use of two DCI, with one TPMI per DCI
· One TPMI/TRI per SRS resource is signaled 
· Note: Indication of selection of multiple SRS resources was agreed

[bookmark: _Ref178064866]In this contribution, we consider the design and signaling of multiple TPMI based codebook transmission to facilitate UEs with partial coherence capabilities that support multiple SRS resources to maximize their performance gains. Example use cases, constraints on the number of layers and joint SRS resource transmission, interaction with beam management, and joint signaling to reduce SRI, TPMI, TRI signaling are considered.   Further details of performance and UE implementation aspects are given in a companion paper [1].
Discussion
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Each of the three coherence capabilities of fully coherent, partially coherent, and non-coherent transmission represent a different tradeoff of UE implementation requirements/complexity vs. performance gain from coherent transmission.  UEs that are capable of fully coherent transmission on all Tx chains can produce the greatest array gain, but require well controlled relative phase between all their Tx chains.  This implies that the transmit chains are phase/frequency locked, that power amplifiers are sufficiently linear, etc.  By contrast, UEs only capable of non-coherent transmission do not require well controlled relative phase, relaxing requirements on phase/frequency locking and PA linearity substantially.  Partially coherent arrays represent middle ground, wherein subsets of arrays can maintain well controlled relative phase.  UEs might for example have dual polarized pairs of elements driven by Tx chains in close proximity, but another pair of elements in another part of the UE, such that the dual polarized elements can have well controlled relative phase, but the phase between the pairs does not.  Furthemore, if such arrays are used at higher frequencies, they may also use analog beamforming on each of the dual polarized elements.  Such a UE can be visualized as shown below, where 4 analog beams are assumed to be supported by each of the antenna subsets, and where each Tx chain in the subset drives one of two polarizations within each beam.
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[bookmark: _Ref498548295]Figure 1: Partially Coherent UE with Two Antenna Subsets
In order to get the greatest precoding gain for such arrays, a codebook can be used to inform the UE how to cophase the pairs of elements within each beam in each antenna subset.    This requires a TPMI corresponding to each subset.  Furthermore, a mechanism to select the beam for each antenna subset is also needed.  By using this kind of hybrid array, one or two spatial layers can be transmitted from each antenna subset obtaining precoding gain for each subset, while the maximum number of layers can be transmitted from the UE to enable high peak throughput without requiring the complexity of supporting phase coherence between the antenna subsets. 
Multi-TPMI based operation and signalling mechanisms
Since codebooks are designed to apply to an SRS resource, it is natural to use an SRS resource for each group of ports that can be combined coherently, to use a TPMI on each of these SRS resource, and to non-coherently combine across the SRS resources.  
Since at most 4 layer transmission is supported in Rel-15 for codebook based precoding using one TPMI, it seems reasonable to assume that the total number of SRS ports indicated by SRI should be no more than 4. Otherwise, a fully codebook design for 8 ports should also be designed, to fully exploit the gains possible in 8 Tx UE architectures.  However, which does not seem to fit in the scope of Rel-15.  
If multiple TPMI indicate a total of 4 ports or less, it is possible to aggregate 3 ports: one SRS resource with one port and another with two ports.  However, a pair of two port resources can achieve the same precoding given that a selection component is used.  A pair of 2 port resources wastes 1 of 4 SRS ports, but only in the case where the UE is configured with 3 ports.  Given that a 3 port SRS resource was not defined for Rel-15, this combination does not seem essential to support.
Therefore, it should be possible for the TRP to perform non-coherent transmission between SRS resources by feeding back 2 TPMIs for a 2 port codebook, where each of the signaled TPMIs corresponds to one indicated SRS resource.
There are two possible approaches to selecting the beams: 
1. Select the beams dynamically at the same rate as TPMI
SRI selects up to 2 SRS resources from a larger pool of SRS resources using both SRI and TPMI/TRI in an uplink grant for PUSCH.  This means that more bits are used in DCI, but beam tracking can run at the slot rate.  However, as will be discussed further below, the overhead from SRI+TPMI/TRI is 6, 9, or 11 bits, depending on if 2, 4, or 8 SRS resources are used.  This is quite comparable to the 6 bits needed for 4 layer codebook based transmission [2], and lower than if SRI is signaled independently from TPMI/TRI.
2. Downselect the beams them in a prior UL beam management step.
UL beam management could be used to select which SRS resources to use from the larger pool, and then at most 2 SRS resources are needed.  Then 6 bits are needed to jointly signal SRI, TPMI, and TRI, reducing the overhead for each PUSCH grant.  UL beam management could also run at the slot rate, but would require TCI or SRI in DCI with comparable overhead to that above, which defeats the purpose of splitting beam management from the PUSCH grants.  Therefore, this case should use higher layer based UL beam management, which uses much more overhead per update that physical layer signaling.  Consequently, it should be one or more orders of magnitude slower than dynamic beam selection.
Each antenna subset in the example of Figure 1 above can transmit on only one of 4 beams at a time.  Since the beams map to SRS resources, the gNB needs to constrain its selection of the SRS resources accordingly.  This is true for both the cases above, although at different times.  When SRI+TPMI/TRI is used with more than 2 SRS resources, the gNB must select the 2 resources that can be transmitted simultaneously.  Similar when beam management is used to sweep the two antenna subsets simultaneously, pairs of SRS resource are transmitted simultaneously, and the proper ones must be selected.  However, once the beam management is complete, the two selected SRS resources selected are those that can be transmitted simultaneously, and no additional constraint is needed.
One simple ‘SRS grouping’ approach also discussed for non-codebook based precoding and beam management is to select one SRS resource from each of one of multiple SRS sets, where only one SRS in the sets can be assumed to be transmitted at a time.  For multi-TPMI signaling, then two sets of SRS resource sets would be configured, and SRI would select at most one SRS resource from each of the two SRS resource sets.
Observations:
· UL beam management is not a replacement for SRI + multiple TPMI
· UL beam management requires higher layer signaling to be an alternative, and this has much higher protocol overhead.
· Mechanisms are needed to determine which SRS resources can be transmitted simultaneously for both UL beam management and SRI+multiple TPMI
· Since SRS resources contain at most 4 SRS ports in Rel-15, it is natural that SRI indicates a total of at most 4 SRS ports.
· Multiple SRI indicating a total of more than 4 ports do not seem to fit in the scope of Rel-15
Proposals:
· Up to 4 SRS ports can be aggregated using all indicated SRI(s)
· An aggregation of SRS resources can contain 1, 2, or 4 ports 
· Two TPMIs can be signaled to allow non-coherent transmission over 2 SRS ports belonging to different SRS resources.
· The UE can be configured with a pair of SRS resource sets for use with multi-TPMI codebook based operation, where
· Only one resource in each of the SRS resource sets can be transmitted at a given time instant 
· The SRS resources in different SRS resource sets can be transmitted simultaneously 
Signaling Overhead for SRI with Multiple TPMI/RI
In the following, we analyze the overhead for multiple TPMI/TRI signaling using agreed 2 Tx codebook for CP-OFDM is used.  This means that 7 codewords are used for rank 1 and rank 2 for 2 Tx.  Two, four, and eight SRS resources are assumed to be configured for the UE for the purpose of signaling multiple TPMI.  We compare the number of bits needed for independently signaling TPMI/TRI and SRI to jointly signaling SRI with TPMI/TRI.
Table 1: SRI, TPMI, and TRI Overhead with SRI Selecting from 8 {1, 2, or 4} port SRS resources
	#SRS Resources x
# SRS ports
	# Selected 
SRS Resources
	SRI States
	TPMI/TRI States
	TPMI/TRI &
SRI States
	% Extra Overhead 
when Not 
Joint Encoding 

	2 x 2
	1
	2
	7
	14
	

	2 x 2
	2
	1
	49
	49
	

	Total
	
	3 (2 bits)       
	56 (6 bits)
	63 (6 bits)
	33%

	4 x 2
	1
	4
	7
	28
	

	4 x 2
	2
	6
	49
	294
	

	Total
	
	10 (4 bits)
	56 (6 bits)
	322 (9 bits)
	11%

	8 x 2
	1
	8
	7
	56
	

	8 x 2
	2
	28
	49
	1372
	

	Total
	
	36 (6 bits)
	56 (6 bits)
	1428 (11 bits)
	9%



Observations:
· For multiple TPMI/TRI signaling with multiple SRI:
· If SRI and TPMI/TRI are not jointly encoded, the overhead is generally larger compared to if they are jointly encoded
· In some cases as much as 33% larger.
· Joint encoding of SRI, TPMI, and TRI can be accomplished with 11 bits or less for up to 8 SRS resources
Proposal:
· TPMI, TRI, and SRI are jointly encoded for multi-TPMI transmission
Conclusions
In this contribution, we considered the design and signaling of multiple TPMI based codebook transmission to facilitate UEs with partial coherence capabilities that support multiple SRS resources to maximize their performance gains. Example use cases, constraints on the number of layers and joint SRS resource transmission, interaction with beam management, and joint signaling to reduce SRI, TPMI, TRI signaling were considered.
Our observations and proposals are then:
[bookmark: _In-sequence_SDU_delivery]Observations:
· UL beam management is not a replacement for SRI + multiple TPMI
· UL beam management requires higher layer signaling to be an alternative, and this has much higher protocol overhead.
· Mechanisms are needed to determine which SRS resources can be transmitted simultaneously for both UL beam management and SRI+multiple TPMI
· Since SRS resources contain at most 4 SRS ports in Rel-15, it is natural that SRI indicates a total of at most 4 SRS ports.
· Multiple SRI indicating a total of more than 4 ports do not seem to fit in the scope of Rel-15
· For multiple TPMI/TRI signaling with multiple SRI:
· If SRI and TPMI/TRI are not jointly encoded, the overhead is generally larger compared to if they are jointly encoded
· In some cases as much as 33% larger.
· Joint encoding of SRI, TPMI, and TRI can be accomplished with 11 bits or less for up to 8 SRS resources
Proposals:
· Up to 4 SRS ports can be aggregated using all indicated SRI(s)
· An aggregation of SRS resources can contain 1, 2, or 4 ports 
· Two TPMIs can be signaled to allow non-coherent transmission over 2 SRS ports belonging to different SRS resources.
· The UE can be configured with a pair of SRS resource sets for use with multi-TPMI codebook based operation, where
· Only one resource in each of the SRS resource sets can be transmitted at a given time instant 
· The SRS resources in different SRS resource sets can be transmitted simultaneously 
· TPMI, TRI, and SRI are jointly encoded for multi-TPMI transmission
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