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1. Introduction

In RAN#71, a new Work Item on Uplink Capacity Enhancements for LTE was approved [1], which aims to enhance the uplink capacity of LTE by means of introducing uplink 256QAM, and supporting PUSCH transmission in UpPTS. According to [1], the specification of PUSCH in UpPTS will start from Q3 2016. In the WID [1], the objectives of the work of PUSCH in UpPTS that related to RAN1 include:

· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols.

Backward compatibility with legacy UEs is maintained

In this contribution, we will provide general discussion on the DMRS design supporting PUSCH transmission in UpPTS.
2. DMRS for PUSCH in UpPTS
As we discussed in [2], there are two alternatives to design the DMRS for PUSCH in UpPTS:

· Alt. 1: Transmit DMRS in UpPTS.

In this alternative, eNodeB can perform channel estimation in UpPTS, so that the PUSCH transmitted in UpPTS can be demodulated accordingly, which ensure good demodulation performance. Such design does not have restrict on scheduling of the PUSCH transmission. However, since at least one UL symbol will be used for DM-RS transmission, this alternative increases the overhead. If DMRS is determined to be transmitted in UpPTS, the position of DMRS need to be studied, especially considering the variable number symbols for SRS in UpPTS.
We considered 3 cases in this alternative as shown in Fig. 1, with the assumption of 6 symbols available for PUSCH transmission in UpPTS. Specifically, 1) Case1: the legacy DMRS pattern is used, 2) Case2: the DMRS is transmitted in the first symbol of UpPTS, 3) Case3: the DMRS are transmitted in two symbols of UpPTS as shown in Fig. 1.
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Figure 1. Transmit DMRS in UpPTS

· Alt. 2: Allow DMRS for PUSCH in UpPTS to be transmitted in the following UL subframe.

In this alternative, the UL resources in UpPTS can be fully exploited for PUSCH transmission, which is labelled by Case 4 in the following. For channel estimation aiming for demodulation, the DMRS of PUSCH in UpPTS can be transmitted in the following uplink normal subframe. To achieve such objectives, two options can be considered: 

· Option 1: The UE are scheduled to be transmitted in both UpPTS and the following UL subframe with the same resource allocation, the demodulation of PUSCH in UpPTS can use the DMRS in the following UL subframe.

· Option 2: The PUSCH in UpPTS and the PUSCH in the following UL subframes are transmitted independently, and the DMRS of PUSCH in UpPTS is multiplexed with the DMRS in the following UL subframe by OCC.  

The option 1 can be achieved by restriction on the scheduling and resource allocation of eNB, and the option 2 can be facilitated by limiting the UL MU-MIMO transmission in the following UL subframe. Both of the options can be realized if the DMRS for PUSCH in UpPTS is configured by RRC signalling to be transmitted in the following UL subframe, and the DMRS index (including both cyclic shift and OCC) used for PUSCH in UpPTS is indicated in the UL grant for PUSCH in UpPTS. 
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Figure 2． Allow DMRS for PUSCH in UpPTS to be transmitted in the following UL subframe
3. Performance comparison of different DMRS designs 
In this section, we will provide the performance comparison of different design cases provided in Section 2. In simulations, we considered both EPA and ETU channel models with speeds of 3Km/h, 120Km/h and 350 Km/h. Detailed simulation assumptions are given in the appendix. The effective code rate when considering different number of PRBs for different cases are given in Table 1.
Table 1 Effective code rate for different cases with QPSK
	Case
	1
	2
	3
	4

	TBS
	224
	224
	224
	224

	PRB
	3
	3
	3
	3

	Code rate
	0.6223
	0.6223
	0.7778
	0.5185


Table 2 Effective code rate for different cases with 64QAM

	Case
	1
	2
	3
	4

	TBS
	680
	680
	680
	680

	PRB
	3
	3
	3
	3

	Code rate
	0.6296
	0.6296
	0.7870
	0.5247


Figure 3 show the BLER performance of different cases under EPA 3km/h, ETU 120km/h and ETU 350 km/h channel models, respectively, when QPSK is used. Figure 4 show the BLER performance of different cases under EPA 3km/h, ETU 60km/h and ETU 120km/h channel models, respectively, when 64QAM is used. We can see that the performance of case 4 is better than other cases when considering the low speed scenario of EPA-3km/h, because of the low code rate. However, when considering the high speed scenario, the BLER of case 4 increases due to the decreasing channel estimation and demodulation performance. Case 1 can achieve a good compromise between the RS overhead and the channel estimation performance under the high speed scenario. The performance of Case 2 is comparable with case 1 under the low speed scenario of EPA-3km/h, which has a large gap with case 1 under the high speed scenario, and this is mainly because the channel of last few symbols have changed a lot from channel estimation made by the first symbol due to time variance in high speed, resulting in high demodulation and decoding error with a mismatched channel estimation. It should be noted that the performance of case 3 is better than other cases for the ultra high-speed scenario of ETU-350km/h with QPSK modulation, although the RS overhead is high, while the performance gain compared with case 1 is limited. In addition, when the available symbols decrease due to SRS transmission, inserting DMRS in UpPTS will limit the capacity enhancement performance. It is preferred to decode PUSCH transmission in UpPTS by DMRS in the following UL subframe in low mobility scenarios. Considering the above observations, it is suggested to support DMRS design with case 1 and case 4, which means both DMRS transmitted in UpPTS as the legacy DMRS pattern and DMRS transmitted in the following UL subframe are possible. Which design option to use can be decided and configured by the eNB and may depend on the UE conditions. 
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                  (a)EPA, 3km/h                                   (b)ETU, 120km/h
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Figure 3. BLER vs. SNR for different cases under QPSK.
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                  (a)EPA, 3km/h                                   (b)ETU, 60km/h
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Figure 4. BLER vs. SNR for different cases under 64QAM.
Observation 1: For the low speed scenario, transmitting DMRS in the following UL subframe achieve the best performance.
Observation 2: When the speed of UE increases, transmitting DMRS in UpPTS as the legacy DMRS pattern can achieve a good compromise between the RS overhead and the channel estimation performance, under the case that all symbols in UpPTS are available for PUSCH transmisison.
Proposal: It is suggested to support flexible configuration of DMRS for PUSCH in UpPTS to be transmitted in UpPTS as the legacy DMRS pattern, or in the following UL subframe. 
4. Conclusions
In this contribution, the DMRS design for PUSCH in UpPTS are discussed and the performance comparison between transmit DMRS in UpPTS and transmit DMRS in the following uplink normal subframe are provided. The following observations and proposals are obtained:
Observation 1: For the low speed scenario, transmitting DMRS in the following UL subframe achieve the best performance.

Observation 2: When the speed of UE increase, transmitting DMRS in UpPTS as the legacy DMRS pattern can achieve a good compromise between the RS overhead and the channel estimation performance, under the case that all symbols in UpPTS are available for PUSCH transmisison.

Proposal: It is suggested to support flexible configuration of DMRS for PUSCH in UpPTS to be transmitted in UpPTS as the legacy DMRS pattern, or in the following UL subframe. 
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5. Appendix
Simulation assumptions
	Parameter
	PUSCH

	System bandwidth
	10MHz

	Carrier frequency
	2GHz 

	Antenna configuration
	1x2, low correlation 

	Channel model
	EPA/ETU

	Modulation method
	QPSK/64QAM

	UE speed
	 30km/h
60km/h

 120km/h
350km/h

	HARQ
	Close

	Channel estimation
	LMMSE
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