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1 Introduction
The WID [1] on shortened TTI and processing time for LTE was approved in RAN#72. In this document, we discuss aspects on TTI shortening in the UL, focusing on UL reference signal design, PUCCH and S-PUSCH.   
2. Discussion
2.1 Uplink reference signal design
In LTE, PUSCH is based on single carrier transmission using DFT-S-OFDM. Two SC-FDMA symbols are dedicated to DMRS and the remaining 12 SC-FDMA symbols can be allocated for data transmission. 

One S-TTI may span one or a few SC-FDMA symbols. Under the assumption that the single carrier property is maintained for S-PUSCH, a dedicated SC-FDMA symbol in S-TTI is required for DMRS. The DMRS overhead  might be large (e.g., 50% for 2-symbol S-TTI and 33% for 3-symbol S-TTI) for small S-TTI lengths. Approaches to reduce DMRS should be investigated to mitigate the RS overhead issue. 
In the RAN1 #85 meeting, the following was agreed for DMRS of sPUSCH: 
· For DM-RS of sPUSCH, the followings are recommended to be supported: 
· 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

As illustrated in FIG.1, a simple way to reduce the DMRS overhead is to allow multiplexing DMRS symbols of multiple S-PUSCHs within one symbol. Due to the lower PAPR property of DFT-S-OFDM, CDM between DMRS symbols should be supported with different cyclic shifts of a CAZAC code for each DMRS symbol. To provide more flexibility, FDM can be also additionally considered in order to allow the possibility of one-symbol DMRS multiplexing for sPUSCHs with different PRBs. TDM is then used for the associated S-PUSCH data multiplexing.  
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Figure 1:  Example of a DMRS symbol shared by multiple S-TTIs.

To further reduce the RS overhead, DMRS symbols can be transmitted in part of the S-TTIs in case multiple S-PUSCHs are scheduled for a given UE within a time window. 
Proposal 1: Support one symbol to be CDM multiplexed by multiple DMRSs of different sPUSCHs. 
For 2-symbol S-TTI, the position of UL DMRS should be sufficiently flexible to maintain reasonable RS overhead with acceptable demodulation performance. The main benefit of dynamic DMRS position is to allow the eNB to adapt multiplexing of DMRS from multiple UEs for different scenarios (e.g., high/low Doppler, MCS values, traffic load), thereby improving the S-TTI resource utilization. 
Proposal 2: For 2-symbol S-TTI, the position of UL DMRS relative to the associated sPUSCH can be dynamically placed and signaled by eNB.  
2.2 S-PUSCH transmission
In RAN1#84bis, the S-TTI operation was discussed. The following agreements were made regarding the UL S-TTI operation. 
	Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS 


Regarding the first FFS issue, our view is that it is premature to discuss the solution to handle the collision between PUSCH and S-PUSCH for a UE in a 1 ms subframe without the agreement on resource allocation for S-PUSCH. As an example, collision can be fully avoided if legacy PUSCH and S-PUSCH transmissions in a subframe are allocated in separate non-overlapping frequency regions and S-PUSCH is limited to the S-TTI bands. 
Another FFS issue is whether a UE may transmit PUSCH and S-PUSCH in different PRBs on the same symbol(s). From the latency perspective and assuming different time instances for PUSCH and S-PUSCH scheduling, it is beneficial to support this possibility such that the eNB is able to schedule S-PUSCH transmission after legacy PUSCH has been scheduled for a particular UE in a given subframe. Taking into account the similarity between simultaneous PUSCH and S-PUSCH transmissions on different RBs in an S-TTI and the Rel-10 multiple cluster PUSCH transmissions, a UE capability bit can be naturely introduced to indicate the support of this operation if the motivation is justified. 
Simultaneous transmission may be allowed only under certain conditions. For instance, in the power limited case the overlapped symbols of legacy PUSCH need to be dropped to ensure the S-PUSCH reception performance and to reduce the UL latency; both may be transmitted otherwise.  

Proposal 3: S-PUSCH transmission is prioritized in the power limited case. 
3. Conclusions
In this contribution, we discuss our views on TTI shortening support in the UL. Based on the discussion, we have the following proposals: 
Proposal 1: Support one symbol to be CDM multiplexed by multiple DMRSs of different sPUSCHs. 
Proposal 2: For 2-symbol S-TTI, the position of UL DMRS relative to the associated sPUSCH can be dynamically placed and signaled by eNB.  

Proposal 3: S-PUSCH transmission is prioritized in the power limited case. 
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