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Introduction
While the design for the 2 Tx and 4 Tx UL MIMO codebooks has progressed, little has been agreed about the high level signaling structure for UL MIMO.  So far, the only agreements on signaling structure are:
Agreements:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources 
· FFS details
Agreements:
· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15
· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI
[bookmark: _Ref178064866]Since the codebook designs can’t complete without some assumptions on the signaling structure, it is important to progress this aspect further.
In this contribution, we discuss how TPMI, TRI, and SRI can be signaled, including how much overhead is needed for various configurations.  Given the analysis, proposals are made on the signaling structure and limits on the configurations that can be supported.  
Discussion
Uses of SRI with TPMI
It is natural to transmit from different SRS resources, since spatial characteristics of elements in UEs can be different.  However, it can also be beneficial to transmit simultaneously on elements with different spatial characteristics to produce a higher rank, a more directive transmission, and/or to combine transmit power from multiple power amplifiers, as discussed in [1]. Consequently, the ports to which a codebook can apply should be able to be formed by aggregating SRS resources.  When multiple SRI(s) are indicated, it should be possible to signal a TPMI that applies across all ports in the indicated SRS resources, and a codebook corresponding to the aggregated resource is used which will result in coherent transmission over the ports in the indicated SRS resources. However, in some cases it might be preferred to perform coherent transmission only over the SRS ports within an SRS resource and non-coherent transmission between SRS ports corresponding to different SRS resources [1]. For example, assume that a UE has two dual-polarized sets of antennas pointing in different directions, and that the two antenna ports within a set are calibrated with respect to each other, but the antenna ports corresponding to different sets are not calibrated with respect to each other. In this case, it would be preferred to do coherent transmission within an antenna set (where each set is corresponding to one SRS resource) and non-coherent transmission between the sets. Therefore, it should be possible for the TRP to perform non-coherent transmission between SRS resources by feeding back multiple TPMIs, where each of the signaled TPMIs corresponds to one indicated SRS resource.
Since it has been agreed to support at most 4 SRS ports per SRS resource [2], it seems reasonable to assume that the total number of SRS ports indicated by SRI should be no more than 4. Otherwise, a codebook design specifically for the multi-SRS resource case is needed, probably for 8 ports, which does not seem to fit in the scope of Rel-15.  
If one TPMI is applied across the aggregated resource, and assuming that special codebooks are not designed for the multiple SRI case, then a 1, 2, or 4 port codebook should be used.  This means that the total number of ports should be 1, 2, or 4.
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 does not seem essential to support.
Observations:
· 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.
· Design of codebooks specifically for multiple SRI and/or more than 4 ports do not seem to fit in the scope of Rel-15
Proposals:
· TPMI can apply to aggregated SRS Resources indicated by multiple SRI(s) to allow coherent transmission over SRS ports corresponding to multiple SRS resources.
· Multiple TPMIs can be signaled to allow non-coherent transmission over SRS ports belonging to different SRS resources.
· 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
Independent vs. Joint Signaling of SRI & TRI/RI 
In the following two sections, we consider the case where a single TPMI is applied across the aggregated SRS ports indicated by multiple SRI (where the SRS resources are combined coherently), and the case where multiple TPMI are used (where the SRS resources are combined non-coherently).  
While multiple SRI can be used for port selection, it is still necessary to support port selection in the case when a single SRS resource is configured.  This is required to support non-coherent operation, and may also be used for performance improvement provided that it is not precluded by power limitations on a single Tx chain (i.e, the selection vectors can be used for more than ‘power saving’).  Therefore, it is necessary to allow port selection via TPMI. This was recognized by the agreements to include selection vectors in the 2 and 4 Tx codebooks for DFT-S-OFDM and the offline agreements [3] to use the selection vectors for CP-OFDM for 2 Tx.  
Therefore, we assume that selection vectors are indicated by TPMI in the following sections.  Since the codebook designs are incomplete, we conduct the analysis assuming the agreed 2 Tx codebook for DFT-S-OFDM is used, and the Rel-10 4 Tx UL codebook is used for NR for 4 Tx.  This means that 9 codewords are used for rank 1 and rank 2 for 2 Tx, while 24, 16, 12, and 1 codeword(s) are used for the 4 Tx case, for a total of 53 states.  While it may be beneficial to enhance the 4 Tx Rel-10 UL codebooks to e.g. include single antenna port selection in TPMI, such enhancements are not expected to change the conclusions drawn from the analysis.
Signaling SRI with Single TPMI/RI
For two ports, if SRS selection is used, then two different one port SRS resources are configured. 3 SRI states are possible: the first or second port is used, or both are used.  If one port is used, there is no corresponding TPMI state and the TRI is equal to one.  If both ports/resources are used, there are 9 matrices using both antenna ports: 6 for rank 1 and 3 for rank 2.  Therefore, SRI can be jointly encoded with TPMI/TRI in a total of 9 states and therefore 4 bits.  This is identical to when TPMI is used for selection in one 2 port SRS resource.  If SRI and TPMI/TRI are not jointly encoded, two bits for SRI and 4 bits for TPMI/TRI would be needed for a total of 6 bits.  Therefore, there is a 50% DCI overhead savings when SRI is jointly encoded with TPMI/TRI vs. when it is not jointly encoded when two 1 port SRS resources are configured.
For 4 ports, if SRS selection is used, then either two 2 port SRS resources or four 1 port SRS are configured.  In the 4 resource case, 1, 2, or 4 ports can be selected.  Here, we presume a 3 port codebook is not defined as that would take significant specification effort, and since the benefit of such a codebook has not yet been studied.  The number of SRI states needed to select 1, 2, or 4 ports from 4 total ports is 4, 6, and 1.  If we use the agreed 2 port codebook without the rank 1 selection vectors and the Rel-10 4 port codebook without its selection vectors, then the total number of states for jointly encoded SRI/TMPI/TRI is 111, or 7 bits.  We note that if SRI is independently encoded from TPMI/TRI in this case 10 bits are needed (4 bits for the 11 SRI states and 6 bits for TPMI/TRI), resulting a 43% increase in overhead for this field.
Table 1: SRI, TPMI, and TRI Overhead with SRI Selecting from 4 one port SRS resources
	# Selected 
SRS Resources
	SRI States
	TPMI/TRI States
	TPMI/TRI &
SRI States

	1
	4
	0
	4

	2
	6
	9
	54

	4
	1
	62
	53

	Total
	11 (4 bits)
	62 (6 bits)
	111 (7 bits)



For the 2 two port resource case, either or both of the resources can be selected, and the same 2 or 4 port codebooks can be used.  This results in 71 total states for TPMI/TRI/SRI, or 7 bits.  Separate TPMI/TRI and SRI encoding would require 6+2=8 bits, or a 14% overhead increase as compared to joint encoding.
Table 2: SRI, TPMI, and TRI Overhead with SRI Selecting from 2 two port SRS resources
	# Selected 
SRS Resources
	SRI States
	TPMI/TRI States
	TPMI/TRI &
SRI States

	1
	2
	9
	18

	2
	1
	53
	53

	Total
	3 (2 bits)
	62 (6 bits)
	71 (7 bits)



Considering an 8 SRS resource case now with 1, 2, or 4 ports per SRS resource, it is possible to use 9 to 12 bits to jointly encode SRI/TPMI/TRI. 
Table 3: 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

	8 x 1
	1
	8
	0
	8

	8 x 1
	2
	28
	9
	252

	8 x 1
	4
	70
	53
	3710

	Total
	
	106 (7 bits)
	62 (6 bits)
	3970 (12 bits)

	8 x 2
	1
	8
	9
	72

	8 x 2
	2
	28
	53
	1484

	Total
	
	36 (6 bits)
	62 (6 bits)
	1556 (11 bits)

	8 x 4
	1
	8
	53
	424

	Total
	
	8 (3 bits)
	53 (6 bits)
	424 (9 bits)



Observations:
· For single 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 50% larger.
· Joint encoding of SRI, TPMI, and TRI can be accomplished with 12 bits or less for up to 8 SRS resources
Signaling SRI with Multiple TPMI/RI
Multiple TPMI/RI are needed only for the case where 2 two port SRS resources are aggregated, given that at most 4 ports can be aggregated and that the 3 port aggregation case is not supported.  
Table 4: 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
	9
	18
	

	2 x 2
	2
	1
	81
	81
	

	Total
	
	3 (2 bits)       
	90 (7 bits)
	99 (7 bits)
	29%

	4 x 2
	1
	4
	9
	36
	

	4 x 2
	2
	6
	81
	486
	

	Total
	
	10 (4 bits)
	90 (7 bits)
	522 (10 bits)
	10%

	8 x 2
	1
	8
	9
	72
	

	8 x 2
	2
	28
	81
	2268
	

	Total
	
	36 (6 bits)
	90 (7 bits)
	2340 (12 bits)
	8%



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 29% larger.
· Joint encoding of SRI, TPMI, and TRI can be accomplished with 10 bits or less for up to 8 SRS resources
Given the observation above and in the prior section, we propose:
Proposal:
· TPMI, TRI, and SRI are jointly encoded


Conclusions
This contribution has discussed how TPMI, TRI, and SRI can be signaled, including how much overhead is needed for various configurations.  We made the following observations, leading to the proposals on the signaling structure and suggested limits on the configurations that can be supported below:
Observations:
· 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.
· Design of codebooks specifically for multiple SRI and/or more than 4 ports do not seem to fit in the scope of Rel-15
· If SRI, TPMI, and TRI are not jointly encoded, the overhead is generally larger compared to if they are jointly encoded
· In some cases as much as 50% larger.
· Joint encoding of SRI, TPMI, and TRI can be accomplished with 12 bits or less for up to 8 SRS resources
Proposals:
· TPMI can apply to aggregated SRS Resources indicated by multiple SRI(s) to allow coherent transmission over SRS ports corresponding to multiple SRS resources.
· Multiple TPMIs can be signaled to allow non-coherent transmission over SRS ports belonging to different SRS resources.
· 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
· TPMI, TRI, and SRI are jointly encoded
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