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1 Introduction

In RANP meeting #72 [1], “New Work Item on shortened TTI and processing time for LTE” was agreed and one objective of the WID is:
For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

In RAN1 meeting #85, it was agreed:

Agreement:

· For DM-RS of sPUSCH, the followings are recommended to be supported: 

· For the case of 1-slot TTI length, reuse the current DM-RS 

· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

· At least 2 contiguous TTIs can be shared/multiplexed. FFS on sharing /multiplexing of more than 2 contiguous TTIs

· FFS on how to share/multiplex DM-RS (e.g., CDM, FDM, different BW between RS & data, and hybrid thereof) 

· FFS the DMRS position and whether it is indicated by eNB

This contribution mainly discusses the UL RS design to support for a transmission duration based on 2-symbol sTTI and 4-symbol sTTI for sPUSCH. In addition, the DMRS share/multiplex between different bandwidth and frequency estimation issue for sTTI are also discussed.
2 UL RS for short TTI 
For 4-symbol sTTI, self-contained DMRS in each sTTI with one DMRS symbol shared by two neighbor sTTIs is recommended, as shown in Figure 1.
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Figure 1. DMRS structure for 4-symbol sPUSCH

For 2-symbol sTTI, one DMRS symbol can be shared by multiple consecutive sTTIs from one or multiple UEs. Figure 2 gives an example of DMRS sharing structure. The exact number of sTTIs which can be demodulated based on one DMRS depends on channel environment, UE velocity, MCS and so on, since the distance between DMRS and data symbols will impact performance in different scenarios. According to results in [2], for ETU 60 kmph, the performance of 3 consecutive sTTIs sharing one DMRS seems unacceptable, while for EPA 3 kmph, the performance loss of 4 consecutive sTTIs sharing one DMRS is negligible.
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Figure 2. Example of DMRS structure for 2-symbol sPUSCH

Therefore, for low velocity case, more sTTIs may share one DMRS to reduce RS overhead to improve throughput, while for high velocity case, DMRS shall be transmitted in high density to improve channel estimation accuracy. It is preferable to leave eNB the freedom of deciding positions of UE transmitting DMRS for 2-symbol sTTI to adapt different scenarios and maximize system capacity.
Proposal 1: positions of DMRS for 2-symbol sTTIs should be informed by eNB.
Regarding how eNB indicates DMRS positions for UE uplink transmission, there are several candidate methods. One straightforward way is that eNB uses 1 bit in each UL grant to indicate the corresponding sPUSCH whether there is a DMRS or not. However, if one UE is scheduled to transmit several consecutive sTTIs and only one sTTI contains DMRS, once UE misses the UL grant containing the information of transmitting DMRS, other sTTIs cannot be demodulated at eNB side due to lack of DMRS. In addition, if one UE is supposed to share DMRS with other UEs, e.g., its DMRS and sPUSCH are scheduled in separate sTTIs, a DMRS-transmission-only UL grant is needed to indicate DMRS transmission in the sTTI which is not supposed to transmit data. In this case, the signalling overhead will be huge.
Another method is that predefine DMRS positions in one subframe, and the signalling in UL grant is used to indicate the exact DMRS position for the corresponding sPUSCH. As illustrated in the left of Figure 3, assume the predefined DMRS positions are symbol {#0, #3, #7, #10}, 2 bits are used to indicate these positions, e.g., if UE receives ‘01’ in one UL grant, the UE shall transmit a DMRS on symbol #3 for demodulation of the sPUSCH scheduled by the UL grant. To reduce signalling overhead, it is possible that DMRS transmission on some symbols of these positions be set to default. 
A third method is that predefine the DMRS position in one sTTI, and the signalling in UL grant is used to indicate the current sTTI or the previous sTTI which contains DMRS. For example, assume one subframe contains 7 sTTIs marked from 0 to 6 and candidate DMRS position is the first symbol of each sTTI, 2 bits in UL grant are used to indicate which of the 4 consecutive sTTIs contains DMRS. For example, if UE receives UL grant indicating uplink transmission in sTTI 5 and DMRS indication bits in this UL grant are ‘00’, UE shall transmit DMRS in sTTI 5. If DMRS indication bits in this UL grant are ‘10’, UE shall transmit DMRS in sTTI 3. Figure 3 also illustrates this method.
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Figure 3. DMRS indication methods for 2-symbol sPUSCH

The latter two candidate methods are preferred to indicate DMRS transmission.

Proposal 2: DMRS position for sPUSCH demodulation shall be indicated in the corresponding UL grant.
In addition to one DMRS symbol shared by multiple short-TTIs with equal frequency resource allocation, unequal frequency resource allocation for multiple UEs could also share the same DMRS symbol to reduce overhead. As illustrated in Figure 4, DMRS 1 for UE 1 and DMRS 2 for UE 2 are placed in one symbol but with different bandwidth. Regarding RS multiplexing in shared DMRS region, one option is to use combed structure. Another option is assume sTTI bandwidth consists of multiple scheduling units and different DMRS sequences for different users/layers are orthogonal in each scheduling units. The transmission of sPUSCH shall be scheduled in the order of scheduling units. Both of the two methods can provide orthogonality between shared DMRS region.
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Figure 4. Shared DMRS for multiple UEs with unequal frequency resource 
It is preferred that the DMRS structure is transparent to UE, e.g., DMRS sharing/multiplexing in both equal and unequal frequency resource allocation shall have the same pattern.

Proposal 3: DMRS sharing/multiplexing method shall be unified for both equal and unequal resource allocation. 
In sTTI transmission, at most one OFDM symbol for DMRS transmission for each scheduled short TTI is assumed, so it is hard for eNB to estimate frequency offset since it needs at least two paired DMRSs with a certain time distance. If there is no frequency offset estimation or historical frequency offset is used, the residual frequency error will impact on the demodulation performance. This issue may not be very serious for PUCCH since QSPK modulation is used on PUCCH which is not sensitive to frequency error. But when UE is under high speed or high modulation order scenario, e.g., UE speed is 60 kmph and 16QAM or even 64QAM is used for PUSCH, the performance loss will be expected due to the miss of fine frequency offset compensation. Therefore, at least for high speed or high modulation order case, frequency offset estimation shall be considered. One straightforward solution is that the UE could be quickly switched to transmit a normal subframe to help the eNB estimate frequency offset. Another solution is that eNB decides the positions of UE transmitting DMRS. 
3 Conclusion
In this contribution, the UL RS design for short TTI transmission is discussed and it is proposed: 
Proposal 1: positions of DMRS for 2-symbol sTTIs should be informed by eNB.
Proposal 2: DMRS position for sPUSCH demodulation shall be indicated in the corresponding UL grant.
Proposal 3: DMRS sharing/multiplexing method shall be unified for both equal and unequal resource allocation. 
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