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1 Introduction

There were the following agreements in previous meetings [1][2].

RAN1#88

· An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
· sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH

· Legacy DCI content is the starting point for sDCI1
· Reduce payload size of sDCI1
· Increase the granularity of resource block assignment 
1. FFS the applicability and granularity for each resource allocation type
· FFS: Jointly indicate some of the information
· FFS: which DCI fields to remove from the legacy DCI

· Other methods to decrease the sDCI1 size are not precluded

· FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 
RAN1#89

· An allocation based on the indication of the start and the length of allocation is supported in the UL for sPUSCH
This contribution further discusses some design aspects for sPUSCH transmission. It is a revision of R1-1712331.
2 Resource allocation

It was agreed that the granularity of resource block assignment should be increased. In current LTE, resource allocation Type 0 for PUSCH is PRB based. If the resource allocation Type 0 is reused by increasing both the resource allocation granularity and the staring position granularity for sPUSCH, sPUSCH and PUSCH cannot be multiplexed flexibly in that the UL grant for sPUSCH is always later than that for PUSCH in the same subframe. As shown in Figure 1(a), some remaining PRBs left by the PUSCH cannot be used by sPUSCH and are wasted. To solve the problem, a slight modification of resource allocation Type 0 can be considered. That is, only the resource allocation granularity is increased while the starting position of allocated resource for sPUSCH is still based on PRB. According to the proposed method, more remaining PRBs can be allocated to sPUSCH by adjusting the starting position of resource allocation, as shown in Figure 1(b).
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(a) The remaining resources cannot be allocated based on increased starting position granularity
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(b)The remaining resources can be allocated with PRB-based starting position
Figure 1 Multiplexing of PUSCH and sPUSCH with the resource allocation granularity of sPUSCH increasing up to 8 PRBs

Observation 1: If the resource allocation Type 0 is reused by increasing both the resource allocation granularity and the staring position granularity for sPUSCH, it may lead to resource waste.

Proposal 1: The resource allocation scheme with PRB based starting position and larger resource allocation granularity should be considered.

· The resource allocation granularity can be defined as 2 or 3 times of RBG size for 2-symbol TTI, and 2 times of RBG size for 1-slot TTI.

In the following, the detailed RIV design is discussed. The resource allocation granularity is denoted by G, and the number of allocated PRBs is x*G. Similar to UL resource allocation type 0, the RIV can be defined as a piecewise function, which is given below.
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 The overhead of the resource allocation scheme is
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Table 1 shows the comparison of overhead between RA Type 0 and the proposed resource allocation. It can be seen that the resource allocation with PRB based starting position and larger resource allocation granularity can save 2~4 bits. 
Table 1 Comparison of resource allocation overhead 

	System Bandwidth
	RA Type 0
	Proposed method
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(RB)
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	6
	/
	/
	/

	15
	7
	4
	5

	25
	9
	4
	7

	
	
	6
	6

	50
	11
	6
	8

	
	
	9
	7

	100
	13
	8
	10

	
	
	12
	9


For 1-slot TTI, the resource allocation proposed above can also be considered. To reduce control signalling overhead, the resource allocation granularity for 1-slot TTI can be double of RBG size that is used for 1ms TTI.

Proposal 2: RIV determination should be redesigned in case of a resource allocation scheme with PRB based starting position and larger resource allocation granularity.
3 Resource mapping on sPUSCH

In current specification, channel interleaving of PUSCH is performed for the coded bits. The interleaver has the write-in and read-out by different orders between rows and columns, so that the systematic bits are spread over all SC-FDMA symbols within the TTI, and eNB may decode the data only after it receives all the SC-FDMA symbols of the TTI. This becomes a disadvantage in the processing delay reduction. Therefore, we propose that the coded bits of sPUSCH are written into the interleaver matrix and then read out in the same manner. That is equivalent to say, the coded bits are mapped to the resource elements by subcarrier first, then on a symbol-by-symbol basis. Figure 2 gives an example for illustration. 
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Figure 2 Resource mapping for sPUSCH
The performance impact of the proposed mapping scheme, which equivalently has no interleaving effect on sPUSCH, should be small because sTTI has much less time diversity than legacy TTI. With this method, eNB is allowed to decode the data before receiving all symbols of the sTTI. The processing time of eNB is decreased. Since PHICH-less asynchronous UL HARQ is supported for sTTI, both feedback delay and retransmission delay are reduced.

Proposal 3: For sPUSCH, the output bits of channel coding are mapped to the resource elements by subcarrier first, then on a symbol-by-symbol basis in the order of time.

4 Possible enhancement for sPUSCH

It was agreed that IFDMA DMRS is supported for 2/3-symbol sPUSCH and at most 2 combs are supported. There exists the case that IFDMA DMRS is configured for a UE in one comb and no DMRS of other UE is configured for another comb. In this case, the design proposed in [3] for 2-symbol sPUCCH with large payload can be considered. That is both data and DMRS from one UE can be transmitted on the same symbol to achieve better performance. The signal generation diagram for the DMRS symbol is copied from [3] and illustrated in Figure 3.
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Figure 3. Signal generation for IFDMA with low CM.
 As shown in [3], low CM can be kept similar to DFT-s-OFDMA. And better link level performance was achieved compared to traditional DFT-s-OFDM scheme. About 1.8dB performance gain was found for the proposed scheme compared to legacy sPUSCH with full occupied DMRS. For higher code rate, larger performance gain can be expected. Therefore, we propose to consider such a possible enhancement for sPUSCH when IFDMA DMRS is configured for UEs.

Proposal 4：IFDMA scheme with RS and data multiplexing in one symbol should be considered for 2/3 symbol sPUSCH when IFDMA DMRS is configured for UEs.
5 Conclusion

As the summary of this contribution, we propose the following: 

Observation 1: If the resource allocation Type 0 is reused by increasing both the resource allocation granularity and the staring position granularity for sPUSCH, it may lead to resource waste.

Proposal 1: The resource allocation scheme with PRB based starting position and larger resource allocation granularity should be considered.

· The resource allocation granularity can be defined as 2 or 3 times of RBG size for 2-symbol TTI, and 2 times of RBG size for 1-slot TTI.

Proposal 2: RIV determination should be redesigned in case of a resource allocation scheme with PRB based starting position and larger resource allocation granularity.
Proposal 3: For sPUSCH, the output bits of channel coding are mapped to the resource elements by subcarrier first, then on a symbol-by-symbol basis in the order of time.

Proposal 4：IFDMA scheme with RS and data multiplexing in one symbol should be considered for 2/3 symbol sPUSCH.
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