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1. Introduction
Much progress was made on the sounding RS with SRS RPF=2 and signaling of the SRS transmission comb to the UE. It has been agreed that the D-BCH signals the sub-frames with SRS transmission, with signaling of the signal comb FFS. In this contribution, we discuss multiplexing of SRS and PUSCH when a UE is not scheduled to transmit SRS and the SRS symbol is not completely assigned within the UE allocation BW. The motivation is to recapture unused SRS RE’s for data transmission. 

Two mechanisms are considered:

1. The entire SRS symbol is ½ or less utilized. (indicate full or ½ SRS on D-BCH as part of SRS configuration)
2. One or both of the SRS combs is not utilized within a particular UE’s allocation. (2-bit ‘SRS Use Indicator’ field in UL grant)
For both mechanisms, the existing DFT-S-OFDM structure is reused – for example, on the SRS symbol on the localized resource blocks the UE’s data may be repeated on the top and bottom half inputs to the DFT – does not require a different PUSCH structure. There is no distributed FDMA between PUSCH UEs.
The first mechanism offers savings of half a symbol for SRS in a subframe - 1/24 or 1/20 savings (4-5% benefit) without any difficulty. The second mechanism requires more signaling, but likely offers gain in every subframe containing SRS as fully utilized SRS all of the time may be difficult to achieve. For fully loaded cells, it is possible for the SRS is under utilized when channel dependent scheduling is not used for a large fraction of the UEs.
A combination of the two mechanisms is also be considered as a trade-off between flexibility and signaling overhead:

· D-BCH (1-bit) to indicate full or ½ SRS symbol configuration and 1-bit ‘SRS Use Indicator’ in UL-Grant to indicate whether the SRS sub-carriers can be used for the PUSCH transmissions. 

2. Reuse of DFT-S-OFDM structure

Figure 1 shows how PUSCH UEs can use unassigned SRS REs within localized UE bandwidth. There is no distributed FDMA between PUSCH UEs. Figure 2 shows the existing DFT-SOFDM localized subcarrier mapping structure. By repeating the data inputs to the DFT, every other subcarrier is occupied. Note that the UE rate matches the data accordingly.
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Figure 1.  PUSCH UEs can use unassigned SRS REs within localized UE bandwidth. No distributed FDMA between PUSCH UEs.
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Figure 2.  Existing DFT-SOFDM Localized subcarrier mapping structure.

3. Signal comb indication on D-BCH
In order to reduce the waste of unused channel resources, it should be possible to support data transmission on resources not presently occupied by sounding signals i.e., if the entire SRS symbol is ½ or less utilized. A very simple mechanism is to indicate full or ½ SRS on D-BCH (1-bit) as part of the cell’s SRS configuration.

4. SRS Use Indication in UL Grant

A more flexible way to reclaim RE’s not in use on one or both of the SRS combs in a particular part of the band is to include a 2-bit field ‘SRS Use Indicator’ field in the UL Grant format [1]. The ‘SRS Use Indicator’ field can only be included in the UL Grant in the sub-frames containing the SRS symbol.
Table 2. SRS Use Indicator in UL Grant.
	SRS Use Indicator
	Description (SRS sub-carriers for data transmission within UE allocated BW)

	00
	No sub-carriers 

	01
	Comb 0, RPF=2

	10
	Comb 1, RPF=2

	11
	All sub-carriers


5. Comb Indication on D-BCH and 1-bit SRS Use Indication in UL Grant
A combination of the above can also be considered as a trade-off between flexibility and signaling overhead:

· 1-bit on D-BCH to indicate full or ½ SRS symbol configuration, and 

· 1-bit ‘SRS Use Indicator’ in UL-Grant to indicate whether the SRS sub-carriers can be used for the PUSCH transmissions (one or both combs based on D-BCH SRS symbol configuration). 

Table 2. 1-bit SRS Use Indicator in UL Grant.

	SRS Use Indicator
	Description (SRS sub-carriers for data transmission within UE allocated BW)

	0
	No SRS sub-carriers 

	1
	All SRS sub-carriers


6. SRS and Persistent PUSCH Allocations
An issue was raised on the RAN1 email-reflector whether the SRS should puncture persistent PUSCH transmissions. In our view, it may be desirable for the eNode-B to reserve sub-bands near the edge-RBs for PUCCH and possibly frequency-diverse transmissions which may include persistent allocations. However, persistent transmission can also occur elsewhere in the system bandwidth as well as the eNode-B may schedule non-persistent UEs, for example, in the reserved sub-bands. Hence, although it is desirable for the SRS to not puncture persistent PUSCH allocations, we prefer not to constrain the SRS transmissions and require that the SRS transmissions never puncture the persistent allocations. 

Including signaling (on either D-BCH, UL grant, or both) to indicate REs not presently occupied by sounding RS, as mentioned above, provides an efficient way to use the unused channel resources for data transmission (using rate matching) and minimize or possibly avoid puncturing of the persistent allocations.
7. Conclusion
In this contribution we propose inclusion of signaling (on either D-BCH, UL grant, or both) to enable data transmission (using rate matching) on REs not presently occupied by sounding RS as an efficient way to reduce the waste of unused channel resources. 
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