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1. Introduction

Issues on uplink transmission mode have been discussed in order to support uplink multiple antenna transmission efficiently. RAN1#63 meeting concluded as following regarding DCI format 4 configuration of SRS [1]:
· For DCI format 4 

· 2 bits are added for SRS triggering and parameter

· 1 state indicates no aperiodic SRS activation

· The other 3 states are used to indicate 3  sets of RRC-configured aperiodic SRS transmission parameters

· Each of the 3 sets can indicate a combination of the following SRS parameters (the other SRS parameters are directly configured by RRC

· SrsBandwidth

· FrequencyDomainposition

· SrsHoppoingBandith (if hopping is supported)

· transmissionComb

· cyclic shift

· duration (if multi-shot SRS is supported)

· number of antenna ports

Illustration:

	State
	SrsBandwidth
	FrequencyDomainposition
	(other parameters)
	…
	…

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	No activation
	
	
	
	


· The following SRS parameters are signalled directly by RRC and are common for all sets:

· srsConfiguraitonIndex

· FFS if number of CCs and indices of CCs are indicated by DCI format 4.

· A-SRS trigger of 2 bits is always present in DCI format 4

Furthermore, the following details on DCI format 4 were agreed [1]:

· Precoding Information Field 

· TPMI and TRI jointly coded as in Rel-8 DL DCI Format 2

· 3 bits for 2Tx 

· 6 bits for 4Tx

· No UL hopping flag bit
· No Transport block to codeword swap flag
· TB Disabling
· If either (I_MCS=0, N_PRB>1); or  ( I_MCS =28, N_PRB =1) is signalled

· In case of retransmission, if a TB is disabled, the UE delivers an “ACK” to the higher layer on that TB, internally within the UE.

In this contribution we share our views on how to efficiently signal SRS configurations by DCI format 4.

2. Efficient dynamic signaling of SRS configurations
Some companies have pointed out that PDCCH resource demand is expected to be much higher in Rel-10 compared to Rel-8/9 due, e.g., to the support of SU/MU-MIMO and CA, leading to possible PDCCH overload [2]. Furthermore, it is desirable to minimize the payload size of the DCI format and avoid unnecessary overhead on PDCCH which would penalize both control channels coverage and capacity without providing any advantage. 

The agreed TB selection mechanism [1] leaves room for improvement in the signaling efficiency of other DCI-4 related parameters, e.g., by associating one of the corresponding information bits to unused codepoints in the DCI-format. With such an approach it is possible to achieve the desired signaling flexibility without unnecessarily increasing the signaling payload.

In RAN1#63 it was agreed to dynamically signal 4 SRS configurations by DCI-4 by use of 2 information bits. In the following we show an example of how to explicitly signal in DCI-4 only one of such bits, while the other one is implicitly obtained from unused codepoints.

When 2 tx ports are configured for PUSCH, the DCI format is defined as follows:

· Precoding Information Field (PIF)
· TPMI and TRI jointly coded as in Rel-8 DL DCI Format 2

· 3 bits for 2Tx 

· One codeword:

· For rank-1:
· Codepoints 0..5: rank-1 TPMI

· Two codewords:

· For rank-2:
· Codepoints 0..1: rank-2 (same precoder (TPMI=0) replicated twice)

· TB Disabling:
· If either (I_MCS=0, N_PRB>1); or  ( I_MCS =28, N_PRB =1) is signalled

· SRS configuration:

· 2 bits

· One information bit (SRS bit #0) explicitly signaled
· The other information bit (SRS bit #1) obtained as follows:
· One codeword:

· For rank-1:
· If the qth TB is disabled and the corresponding NDI bit (NDI-q) is set, then
SRS information bit #1 = NDI-q
· Two codewords:

· For rank-2:
· If PIF=0, SRS bit #1 =0

· If PIF=1, SRS bit #1 =1

When 4 tx ports are configured for PUSCH, the DCI format is defined as follows:

· Precoding Information Field (PIF)
· TPMI and TRI jointly coded as in Rel-8 DL DCI Format 2

· 6 bits for 4Tx 

· One codeword:

· For rank-1:
· Codepoints 0..23: rank-1 TPMI 

· For rank-2:
· Codepoints 24..39: rank-2 TPMI 

· Two codewords:

· For rank-2:
· Codepoints 0..15 (TPMI=0..15) and 29..44 (TPMI=0..15): rank-2 TPMI (replicated twice)

· For rank-3:
· Codepoints 16..27 (TPMI=0..11)  and 45..56 (TPMI=0..11): rank-3 TPMI (replicated twice)

· For rank-4:
· Codepoint 28 (TPMI=0) and 57 (TPMI=0): rank-4 TPMI (replicated twice)

· TB Disabling
· If either (I_MCS=0, N_PRB>1); or  ( I_MCS =28, N_PRB =1) is signalled

· SRS configuration:

· 2 bits

· One information bit (SRS bit #0) explicitly signaled
· The other information bit (SRS bit #1) obtained as follows:
· One codeword:

· If the qth TB is disabled and the corresponding NDI bit (NDI-q) is set, then SRS information bit #1 = NDI-q 
· Two codewords:

· If precoder field codepoints=0..28, SRS information bit #1 = 0

· Otherwise, SRS bit #1=1

For additional clarity, the corresponding PIF tables for 2tx and 4tx antennas are shown in the Appendix.

Alternatively, in case the dynamic signaling of additional SRS configurations is deemed necessary, the implicit bit SRS bit #1 may be exploited in order to lower the SRS signaling overhead.


Observation:

· Exploit implicit signaling of one of the two information bits needed to configure SRS in DCI-4

3. Conclusion
In this contribution we have discussed how to configure SRS by DCI Format 4 in an efficient way in terms of signaling overhead. Therefore, we propose the following:

· Exploit implicit signaling of one of the two information bits needed to configure SRS in DCI-4
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Appendix
Table 1: Content of PIF for 2 antenna ports

	One codeword: 
Codeword 0 enabled

Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled

Codeword 1 enabled

	Bit field mapped to index
	Message
	SRS_iIE 
	Bit field mapped to index
	Message
	SRS_iIE

	0
	1 layer: TPMI=0
	From the NDI of the deselected TB
	0
	2 layers: TPMI=0
	0

	1
	1 layer: TPMI=1
	From the NDI of the deselected TB
	1
	2 layers: TPMI=0
	1

	2
	1 layer: TPMI=2
	From the NDI of the deselected TB
	2-7
	reserved
	reserved

	…
	…
	…
	
	
	

	5
	1 layer: TPMI=5
	From the NDI of the deselected TB
	
	
	

	6-7
	reserved
	reserved
	
	
	


Table 2: Content of PIF for 4 antenna ports

	One codeword: 
Codeword 0 enabled

Codeword 1 disabled
	Two codewords: 
Codeword 0 enabled

Codeword 1 enabled

	Bit field mapped to index
	Message
	SRS_iIE
	Bit field mapped to index
	Message
	SRS_iIE

	0
	1 layer: TPMI=0
	From the NDI of the deselected TB
	0
	2 layers: TPMI=0
	0

	1
	1 layer: TPMI=1
	From the NDI of the deselected TB
	1
	2 layers: TPMI=1
	0

	…
	…
	…
	…
	…
	…

	23
	1 layer: TPMI=23
	From the NDI of the deselected TB
	15
	2 layers: TPMI=15
	0

	24
	2 layers: TPMI=0
	From the NDI of the deselected TB
	16
	3 layers: TPMI=0
	0

	25
	2 layers: TPMI=1
	From the NDI of the deselected TB
	17
	3 layers: TPMI=1
	0

	…
	…
	…
	…
	…
	…

	39
	2 layers: TPMI=15
	From the NDI of the deselected TB
	27
	3 layers: TPMI=11
	0

	40-63
	reserved
	reserved
	28
	4 layers: TPMI=0
	0

	
	
	
	29
	2 layers: TPMI=0
	1

	
	
	
	30
	2 layers: TPMI=1
	1

	
	
	
	…
	…
	…

	
	
	
	44
	2 layers: TPMI=15
	1

	
	
	
	45
	3 layers: TPMI=0
	1

	
	
	
	46
	3 layers: TPMI=1
	1

	
	
	
	…
	…
	…

	
	
	
	56
	3 layers: TPMI=11
	1

	
	
	
	57
	4 layers: TPMI=0
	1

	
	
	
	58 - 63
	Reserved
	reserved


