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1 Introduction

In RAN#71, the following objective was agreed for Uplink Capacity Enhancements [1]:
The work item shall specify support UL PUSCH in special subframe. The detailed work starts from Q3 2016.
· UL support of PUSCH transmission in special subframe [RAN1]

· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols. [RAN1, RAN2]
· Introduce applicable RF requirements [RAN4]
· Backward compatibility with legacy UEs is maintained
In this contribution, we present our considerations on transmission schemes of PUSCH on UpPTS.
2 Discussion
2.1 Transmission scheme
Two alternatives for PUSCH transmitted in UpPTS are listed as follows:
· Alt 1: An independent transport block can be transmitted in UpPTS.

· Alt 2: UpPTS can be bundled with the subsequent UL subframe, transmitting one transport block.

With transmission scheme Alt 1, scheduling is more flexible as UpPTS is scheduled independently, while it has to be scheduled together with following UL subframe for Alt 2.

For HARQ timing, Alt 1 increases the number of HARQ process and needs a new design on HARQ timing, causing impacts on specification. Alt 2 can reuse the HARQ timing for the following UL subframe. However, this would introduce new issues. One issue is that for Alt 2, the gap between PDCCH/EPDCCH/PHICH and (re)transmissions may be less than 3ms, imposing new constraints on processing capability. Another issue is that the retransmission may not be in a next UpPTS if reusing the current HARQ timing, which has impacts on rBLER. This is further explained in companion contribution [2]. A way to address these issues is retransmission by adaptive retransmissions, which could adjust the resources used for retransmission.
Table1 Comparison of two transmission schemes

	
	Transmission

Scheme Alt 1
	Transmission

Scheme Alt 2

	Scheduling

flexibility
	Y
	N

	HARQ 

timing
	New design 

needed
	Reuse(adaptive

Retransmission)

	DMRS reduction
	Y/N
	Y


The comparison is summarized in Table1. It can be shown that both transmission schemes have advantages in different aspects. Therefore, we propose:
Proposal 1: PUSCH on UpPTS can be either transmitted separately or bundled with subsequent UL subframe.
2.2 TBS scaling
For PDSCH in DwPTS, scaling factors are specified to adjust the TBS as the number of available REs in DwPTS is significantly different from that of a downlink subframe. In TBS determination, the number of PRB in TBS determination is set by
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with different scaling factors depending on TDD UL/DL configuration.

Similarly, TBS of PUSCH in UpPTS can also be adjusted in the same way as PDSCH in DwPTS. In defining the scaling factor, the number of symbols in UpPTS, DMRS symbols, transmission schemes and SRS symbols should be considered.
Proposal 2: Specify TBS scaling factor(s) for PUSCH in UpPTS to set the number of PRBs to determine TB size, considering number of symbols in UpPTS, DMRS symbol(s), transmission schemes and SRS symbol(s).
2.3 UL DM-RS

DM-RS is used for channel estimation for coherent demodulation of PUSCH. Specifically, in the case of PUSCH transmission, DM-RS is transmitted within the fourth symbol of each uplink slot [3]. 
As there are only 6 symbols in UpPTS (or less considering SRS symbols), it is preferable that the DMRS can be shared between subframes so that DMRS number can be reduced so as to improve uplink spectral efficiency. When UE are stationary or in low speed mobility, the Doppler shift is low and channel is more static, and thus the DMRS can be reduced if the scheduled PUSCH in UpPTS and the following uplink subframe are on the same PRB. Therefore, UE can be configured to reduce DMRS when transmitting PUSCH in UpPTS to improve capacity.
However, there are also cases the DMRS cannot be removed even if the UE is stationary. For example, there is no PUSCH transmission in UL subframe following the special subframe, or frequency hopping is enabled even if there are PUSCH on the same PRB in both UpPTS and following UL subframe.
Proposal 3: UE can be configured to reduce DMRS transmission, and if configured so, it can remove one DMRS transmission if the scheduled PUSCH in both UpPTS and the following UL subframe are transmitted on the same PRB.
2.4 TTI bundling

TTI bundling is introduced for UEs at the cell edge to improve the UL coverage. Different redundancy versions (RV 0/2/3/1) of one single TB are transmitted in 4 ‘consecutive’ (not necessarily physical consecutive) UL subframes. In TDD, no less than 4 subframes containing uplink transmission exist only in UL/DL configuration 0/1/6. Therefore, only TDD UL/DL configuration 0/1/6 supports TTI bundling. With PUSCH in UpPTS, there will be 4 subframes containing PUSCH transmission, as in Table 2. Therefore, TTI bundling can be supported for TDD UL/DL configuration 2/3.
Table 2 TDD UL/DL configuration

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Proposal 4: Support TTI bundling for TDD configuration 2/3.
Mapping the coded bits into UpPTS can’t be done in the legacy way as UpPTS only consists of 6 SC-FDMA symbols in time domain. Typically, this can be solved by two alternatives as following description.

· Alt 1: Map the coded bits by rate matching.

According to 5.1.4.1.2 in [4], the rate matching output sequence length is proportional to the total number of bits available for the transmission of one TB in physical layer. By bit selection in rate matching, the output sequence length can be reduced and mapped into the resources.
· Alt 2: Map the coded bits by puncturing.

The coded bits mapped into the unavailable resources will be punctured. 
By increasing coding rate and the number of RBs allocated for UEs, a redundancy version of TB can still be mapped into current resources. This will cause more impact on the specification than the former way.

3 Conclusions

In this contribution, transmission aspects related to PUSCH in UpPTS are discussed with following proposals:
Proposal 1: PUSCH on UpPTS can be either transmitted separately or bundled with subsequent UL subframe.
Proposal 2: Specify TBS scaling factor(s) for PUSCH in UpPTS to set the number of PRBs to determine TB size, considering number of symbols in UpPTS, DMRS symbol(s), transmission schemes and SRS symbol(s).
Proposal 3: UE can be configured to reduce DMRS transmission, and if configured so, it can remove one DMRS transmission if the scheduled PUSCH in both UpPTS and the following UL subframe are transmitted on the same PRB.
Proposal 4: Support TTI bundling for TDD configuration 2/3.
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