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1 Introduction
This contribution further discusses some design aspects for sPUSCH transmission. 
2 Resource allocation

In order to limit the control signalling overhead in sTTI, compact DCI with low resource allocation overhead should be considered. Because for the same frequency bandwidth, the number of data REs in one 1ms TTI is about 6 or 12 times of number of data REs in one 2-OS sTTI, to increase resource allocation granularity should be considered to save UL grant overhead at least for 2-OS sTTI. To support different system bandwidths, the resource allocation granularity can depend on system bandwidth, and meanwhile should be defined as integer multiples of RBG size in order to avoid the impact on legacy UEs’ resource allocation. Table 1 gives some suggested values and overhead, where the resource allocation granularity is 2 or 3 times of RBG size.

Table 1 Resource allocation granularity and overhead for 2-symbol sTTI

	System Bandwidth
	RBG Size
	Resource allocation granularity
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	6
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For 1-slot TTI, lager resource allocation granularity can still be considered to reduce control signalling overhead. For example, the resource allocation granularity for 1-slot TTI can be double of RBG size that is used for 1ms TTI.

Proposal 1: The frequency resource allocation granularity for sPUSCH should be increased.

· The resource allocation granularity depends on system bandwidth.

· 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.
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 1 gives an example for illustration. 
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Figure 1 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 TTI. 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 Power control on sPUSCH
According to the link level evaluations, PUSCH and sPUSCH have almost the same performance when the same bandwidth and linearly scaled TBS are assumed. That is, similar sPUSCH and PUSCH performance can be achieved by using the same target received power level for them. Therefore, at least for the case that same transmission mode is configured for PUSCH and sPUSCH, the transmit power equation of PUSCH as below can be reused by sPUSCH, and the power control parameters configured over RRC for PUSCH can be reused for sPUSCH at least.
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Proposal 4: At least for the case that same transmission mode is configured for PUSCH and sPUSCH, the transmit power equation of PUSCH can be reused for sPUSCH, and the power control parameters configured over RRC for PUSCH can be reused for sPUSCH.
According to SI agreements, a UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH. If accumulation power control is enabled, there are two options for calculation of (s)PUSCH power control adjustment 
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 in the power control procedure.

Option 1: 
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 is calculated separately between sPUSCH and PUSCH. That is, the power control adjustment state of short TTI is only based on that of the latest short TTI, and the power control adjustment state of legacy TTI is only based on that of the latest legacy TTI.
Option 2: 
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 of sPUSCH (PUSCH) can be calculated based on the former PUSCH (sPUSCH). As shown in Figure 2, the yellow subframes contain the scheduled PUSCH, and the red sTTIs contain the scheduled sPUSCH. The power control adjustment of the first sTTI in subframe#2 is based on that of subframe#1, and the power control adjustment of suframe#3 is based on that of the last sTTI of subframe#2. 
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Figure 2 Power control of option 2

Between the two options, option 1 is simpler in design logic, but option 2 can provides more frequent TPC commands and therefore the more prompt real-time power control. 
Since the timing is different for sTTI and legacy TTI, there will be an issue that the PUSCH scheduled earlier may be adjusted by the later TPC command(s) in sDCI in option 2. As shown in Figure 3, PUSCH in subframe#4 is scheduled by DCI in subframe#0. Before the PUSCH is transmitted, sPUSCH in subframe#3 is scheduled by the sDCI in subframe#2. In this case, the power control adjustment state of PUSCH will depend on the TPC command in sDCI, which is transmitted later than the uplink grant for the PUSCH. 
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Figure 3 Power control of option 2
In order to avoid the problem above, it should be specified that the power control adjustment state of legacy TTI does not depend on that of sTTI in which the TPC command is transmitted after the TPC command of the legacy TTI. As an alternative, considering that it is not obvious that the problem has very negative impacts on transmission of PUSCH, it may be not handled by specification for simplicity. It is up to eNB’s implementation. 
Proposal 5: It can be considered that the power control adjustment state 
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 of sPUSCH (PUSCH) is calculated based on the former PUSCH (sPUSCH). 
· FFS on whether to consider the issue that the PUSCH scheduled earlier may be adjusted by the later TPC command(s) in sDCI
In order not to increase the latency of sTTI transmission, the power allocation on sTTI channels should be prioritized over legacy channels. Given the UE may be scheduled to transmit sTTI channel when a legacy channel is already in transmission, the performance of legacy channel can be degraded. It can be up to eNB implementation to migrate the problem, for example, when eNB finds the UE is power limited, eNB may not configure simultaneous transmission of channels with different TTI lengths.

Proposal 6: The power allocation on sTTI channels is prioritized over power allocation on legacy channels. 
5 Conclusion

As the summary of this contribution, we propose the following: 
Proposal 1: The frequency resource allocation granularity for sPUSCH should be increased.

· The resource allocation granularity depends on system bandwidth.

· 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: Both TM 0 and TM 1 are supported on sPUSCH, and the maximum number of transmission layers is 4 for TM1.
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: At least for the case that same transmission mode is configured for PUSCH and sPUSCH, the transmit power equation of PUSCH can be reused for sPUSCH, and the power control parameters configured over RRC for PUSCH can be reused for sPUSCH.
Proposal 5: It can be considered that the power control adjustment state 
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 of sPUSCH (PUSCH) is calculated based on the former PUSCH (sPUSCH). 
· FFS on whether to consider the issue that the PUSCH scheduled earlier may be adjusted by the later TPC command(s) in sDCI
Proposal 6: The power allocation on sTTI channels is prioritized over power allocation on legacy channels. 
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