
3GPP TSG RAN WG1 Meeting #85

R1-164234
Nanjing, China 23rd - 27th May 2016
Source:
CATT

Title:
Design of sPUSCH DMRS
Agenda Item:
6.2.10.1
Document for:
Decision
1 Introduction
In RAN#67, the study of LTE network latency reduction of LTE was approved [1].  The objective of this study item is: 

· Study enhancements to the E-UTRAN radio system in order to: 

· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE

· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).  

· The study area includes resource efficiency, including air interface capacity, battery lifetime, control channel resources, specification impact and technical feasibility. Both FDD and TDD duplex modes are considered. 

· As first aspect, potential gains like reduced response time and improved TCP throughput due to latency improvements on typical applications and use cases are identified and documented. In this evaluation RAN2 may assume latency reductions due to protocol enhancements as well as shortened TTIs. In conclusion, this aspect of the study is supposed to show what latency reductions would be desirable [RAN2]. 

· As second aspect,  the following areas should be studied and documented:

· Fast uplink access solutions [RAN2]:

· for active UEs and UEs that have been inactive a longer time, but are kept in RRC Connected, focus should be on reducing user plane latency for the scheduled UL transmission and getting a more resource efficient solution with protocol and signaling enhancements, compared to the pre-scheduling solutions allowed by the standard today, both with and without preserving the current TTI length and processing times;

· From RAN1#83: TTI shortening and reduced processing times [RAN1]:

· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);

In RAN1#84 [2], the following aspects were decided to be further studied in the next RAN1 meeting
· Note: But the study is not limited to them.

· Design of sPUSCH DM-RS

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

· HARQ for sPUSCH

· Whether/how to realize asynchronous and/or synchronous HARQ
In this paper, we discuss the DMRS design of sPUSCH.  
2 Discussion
There are two alternatives to design the sPUSCH DMRS as discussed in the following,

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

If DMRS symbol is shared by multiple short-TTIs within the same subframe as in Alt1, the DMRS orthogonality should be maintained in order to distinguish the DMRS for different short-TTIs at the receiver. 
The legacy UL DMRS is generated according to the scheduled bandwidth of PUSCH. When UL MU-MIMO is configured and multiple UEs are scheduled with the same set of RB pairs, the DMRS length are the same for all MU-MIMO UEs and DMRS orthogonality can be kept by using different cyclic shifts for the same root DMRS sequence. When UL MU-MIMO is configured and multiple UEs are scheduled with different sets of RB pairs with partial overlapping, the DMRS length are not the same for all MU-MIMO UEs and DMRS orthogonality can be kept by using time-domain OCC.
For short-TTI transmission, different short-TTIs are scheduled independently. The allocated resource blocks of different short-TTIs within a subframe may not be completely aligned. When different short-TTIs share the same DMRS symbol with different transmission bandwidths, DMRSs of different short-TTIs will not be orthogonal even with different cyclic shifts as shown in Figure 1. Considering the DMRS overhead, there may be only one DMRS symbol for each short-TTI, which means time-domain OCC cannot be used to maintain DMRS orthogonality.
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Figure 1: DMRS transmission for different short-TTIs with different transmission bandwidths
Generally, there are several options to solve the above problem:
· Option 1: UL-SCHs in adjacent short-TTIs use the scheduled transmission bandwidth individually while DMRS of each short-TTI uses a common transmission bandwidth to maintain the orthogonality by using different cyclic shifts. As shown in Figure 2, the common transmission bandwidth for DMRS can be the max UL transmission bandwidth or part of the UL transmission bandwidth or the union of scheduled transmission bandwidth between adjacent short-TTIs. 
· Option 2: UL-SCHs and DMRS in different short-TTIs use the corresponding scheduled transmission bandwidth, and DMRS of each short-TTI is generated according to a predefined frequency bandwidth granularity, called as DMRS frequency units. The scheduled transmission bandwidth should be N multiple of DMRS resource units in frequency. The short-DMRS sequence of different short-TTIs is generated in combination of the DMRS sequence generated from each DMRS resource unit in frequency based on the same root DMRS sequence and different cyclic shifts. The DMRS orthogonality in each DMRS resource unit in frequency is maintained. As shown in Figure 3, an example of the DMRS resource unit in frequency is 12 subcarriers.
· Option 3: UL-SCHs in adjacent short-TTIs use the scheduled transmission bandwidth individually while DMRS of each short-TTI uses the predefined one or more subbands of the system bandwidth where the scheduled transmission bandwidth falls into. DMRS sequence is generated according to each subband.  The short-DMRS of a sPUSCH in a short-TTI is generated in combination of DMRS sequences of those subbands covering the scheduled PRBs of sPUSCH.  As shown in Figure 4, an example of each subband is 25 PRBs.
· Option 4: DMRS are transmitted with transmissionComb, where DMRS are transmitted with interlaced n subcarriers. The interlaced interval n could be {0, 1, 2, 3, 4, 6}. DMRS and its associated sPUSCH in different short-TTIs transmit in the corresponding scheduled transmission bandwidth. DMRS of different short-TTIs use different UE-specific transmissionComb. The DMRS of sPUSCH in different short-TTIs are FDM multiplexed within one OFDM symbol. One example of the DMRS sequence with transmissionComb is similar to that of SRS, as shown in Figure 5.
Options 1 and 3 will require a larger transmission bandwidth for DMRS than the scheduled bandwidth for sPUSCH. The large bandwidth of DMRS symbol reduces the PSD of DMRS and thus reduces the accuracy of channel estimation. Options 2 and 4 both can use the scheduled transmission bandwidth for DMRS transmission which will not reduce the PSD of DMRS. Options 2 and 3 can reuse the legacy DMRS generation method in each resource unit in frequency or subband. Option 3 is a compromise of option 1 and 2. Option 4 can provide more flexibility and multiplexing capacity. However, option 4 will reduce the resolution of channel estimation due to the interlaced transmission of DMRS. The channel estimation could be improved by boosting the DMRS power with option 4, since the DMRS dose not occupy all subcarriers s on the DMRS symbol. 
Proposal: Either option 2 or 3 or 4 can be considered for DMRS transmission if one DM-RS symbol shared by multiple short-TTIs within the same subframe is supported. 
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Figure 2: DMRS transmission with Option 1
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Figure 3: Option 2 DMRS         Figure 4: Option 3 DMRS         Figure 5: Option 4 DMRS
3 Conclusions
Based on the above discussion, we have the following proposal:
Proposal: Either option 2 or 3 or 4 can be considered for DMRS transmission if one DM-RS symbol shared by multiple short-TTIs within the same subframe is supported. 
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