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1. Introduction
At the RAN1#89 and RAN1#90 meeting, following agreements related to multiple starting and ending position of UL transmission and UL autonomous transmission were reached [1][2]. 
	Agreement:

· UL partial subframe transmission starting at symbol #7 is supported with both following modes  Mode 1 and Mode 2

· Mode 1. The UE may start at a Rel-14 starting point or at symbol #7 depending on e.g. the outcome of LBT

· The TBS is determined as for the full subframe regardless of the starting point (i.e. no TBS scaling)

· FFS: channel access within shared COT

· FFS: how to indicate to which UL subframes this applies

· FFS: UCI mapping, if supported
· Mode 2. The UL grant indicates starting position at number #7

· FFS: additional starting points between symbols #7 and #8 

· The TB(s) is rate matched into the second slot

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported 
Agreement:

For Mode 1:

· When transmission starts at symbol #7, the first slot of a subframe is punctured
· FFS: new MCS table and when that would be applicable
Agreement:
· UL partial subframe transmission ending in the end of symbol #6 is supported (in addition to #12 and #13 already supported)
· FFS: #3 and #10 
· The ending position is indicated with the UL grant

· The TB(s) is rate matched into the allocated symbols

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported

· FFS: whether the starting symbols is always #0 or as in Rel-14

· SRS transmission is not supported in these cases

Agreement:
· The support of autonomous uplink access with frame structure type 3 is specified within the scope of Release 15 FeLAA WI.




In this contribution, we discuss on possible issues and solutions regarding the DMRS transmission in UL partial subframe.   
2. Discussion on DMRS for PUSCH in partial subframe transmission 
In legacy PUSCH transmission, DMRSs are located in symbol #3 of each slot in PUSCH subframe. OCC2 are utilized over the two DMRS symbols with maximum two cyclic shift values applied for each OCC. Under such design, maximum four orthogonal DMRS layers are supported for SU-MIMO transmission. Furthermore, DMRS orthogonality between MU-MIMO paired UE could be ensured by OCC even if the scheduled UEs have different transmission bandwidth.  
However, it is agreed that UL partial subframe transmission could start at the beginning of symbol 7 or end in the end of symbol #6, i.e. partial subframes showed in Fig.1. In these UL partial subframes, there is only one available DMRS symbol, so OCC2 could not be supported.  
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Figure 1: Subframe structure if UL starts or ends at slot boundary  
As there is only one DMRS symbol in UL partial subframe, there will be solutions for demodulation as follow.  
Scheme 1: Utilizing cyclic shift only to achieve 4 layer DMRS    
As OCC is not applied for the one symbol DMRS in UL partial subframe, only cyclic shift could be utilized to achieve 4 layer DMRS. For simplicity, the legacy table for the “Cyclic shift for DMRS and OCC index” field in UL grant could be reused for the partial subframe by ignoring the OCC configuration in the field or just setting w(λ)(0) = w(λ)(1) =1. 
There are several disadvantages of this scheme comparing with DMRS for normal subframe. Firstly, channel estimation accuracy is largely degraded compared to that of normal UL subframe. The demodulation of one symbol of a normal UL subframe could jointly utilize two DMRS symbol in each slot. While in UL partial subframe, the demodulation of one symbol could only utilize one DMRS symbol. Thus, the demodulation performance of DMRS in partial subframe is degraded. Secondly, flexibility of MU-MIMO is reduced. OCC enables orthogonality among UEs even with different bandwidth. While in lack of OCC in partial subframe, only UEs with same bandwidth should be paired for MU-MIMO transmission. The bandwidth here stands for the number of RB scheduled. In UL, the number of scheduled RB of one UE is restricted by pathloss from UE to eNB and corresponding UL power control procedure. Then the number of scheduled RB of UEs are usually different. Restriction on the scheduled RB number to achieve the orthogonality in MU-MIMO will further reduce the efficiency of LAA UL.   
Scheme 2:  Utilizing the DMRS of adjacent subframe for demodulation 
There are two approaches to utilize the adjacent subframe for demodulation. 

· Scheme 2-1: Utilizing the DMRS of both partial subframe and adjacent subframe of the same MSF 
· Scheme 2-2: Utilizing the DMRS only of adjacent subframe of the same MSF 
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(a) Scheme 2-1                                                                (b) Scheme 2-2
       Figure 2: Partial subframe demodulation (a) utilizing the DMRS of both partial subframe and adjacent subframe and (b) utilizing the DMRS only of adjacent subframe
In multiple subframe scheduling (MSF), the transmission power of PUSCH and DMRS of different subframe are the same. Then demodulation of partial subframe by utilizing the DMRS of adjacent subframe is feasible. Furthermore, all the scheduled subframes of a MSF utilize the same configuration of “Cyclic shift for DMRS and OCC index” field, then OCC2 cross adjacent subframe is also feasible. 

Fig.2 shows an example. For Scheme 2-1, which is showed in Fig. 2(a), as DMRS of starting partial subframe using w(λ)(1) and DMRS of adjacent slot of adjacent subframe using w(λ)(0), we could consider the OCC2 is applied for the demodulation of starting partial subframe. Meanwhile, demodulation of partial subframe utilize two DMRS symbols. For Scheme 2-2, which is showed in Fig.2(b), due to the short duration, there is no DMRS  of ending partial subframe. Then the demodulation of ending partial subframe relies on the DMRS of adjacent subframes. 

In the purpose of utilizing the DMRS of adjacent subframe, UL partial subframe should be scheduled together with normal subframe. It is workable for both Mode 1 and 2 of starting partial subframe transmission. For Mode 2, as UL transmission from symbol#0 or #7 follows DCI indication. If UL transmission starts from symbol #7, DMRS of adjacent subframe will be utilized for demodulation. For Mode 1, UE may transmit from symbol#0 or symbol#7 due to the time UE succeed the LBT. If eNB detects the DMRS in first slot, eNB demodulates PUSCH utilizing DMRS of this subframe. If eNB does not detect DMRS in first slot but detects DMRS in second slot, eNB demodulate PUSCH utilizing DMRS of this subframe and adjacent subframe. 
Scheme 3: Additional DMRS symbol for partial subframe  
For the cases of grant-based UL, which enables UE starts UL transmission depending on the outcome of LBT, and autonomous UL, DMRS is also used to detect the presence of UL transmission. As one symbol DMRS in the partial subframe will have impacts on both UL presence detection and the UL demodulation, one additional DMRS symbol, which has a different symbol position compared to DMRS in normal subframe, could be transmitted in the partial subframe. Then the two DMRS symbols follows the CS and OCC configuration according to eNB indication. The demodulation procedure could be the same as that of normal subframe, except the changing of DMRS position.  
Fig.3 shows the partial subframe structure with additional DMRS symbol. The symbol position of additional DMRS could be varied along with the varying of starting/ending position of the partial subframe. E.g. Fig. 3(a) shows the additional DMRS for starting partial subframe. eNB could indicate the PUSCH format of partial subframe, which includes the information of starting/ending position and inherent additional DMRS position, to the UE. In alternative, eNB could also blind detect the partial subframe starting/ending position by blind detection of the position of DMRS. Considering the quick shift from DL to UL to minimize the gap between them, the starting position of UL partial subframe should be decided according to the duration of DL ending partial subframe, i.e.  if DL ends with duration of {3,6,9,10,11,12} symbols, then UL starts transmission of partial subframe with the corresponding duration of {11,6,5,4,3,2} or down selection of them. Similarly, Fig. 3(b) shows the example of additional DMRS for ending partial subframe.  
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(a) for starting partial subframe           (b) for ending partial subframe                        
Figure 3: Additional DMRS for UL partial subframe

Table I Comparison of scheme 1 and 2
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The comparison of scheme 1, 2 and 3 are showed in Table I. 
We have the following proposal.    
Proposal 1: DMRS enhancement for UL partial subframe transmission should be considered in Rel-15 LAA enhancement. Following DMRS enhancement approaches could be considered.  
· Scheme 1: Utilizing the DMRS of adjacent subframe for demodulation. UL partial subframe could only be scheduled by multiple subframe scheduling which schedules more than 1 subframes. 

· Scheme 2: Additional DMRS OS to support the same number of DMRS symbols in UL partial subframe as that in normal subframe. 
3. Conclusion

In this contribution, we discussed on the approaches of PUSCH demodulation and UL DMRS enhancement for UL partial subframe transmission. Based on the discussion, we made the following proposal.
Proposal 1: DMRS enhancement for UL partial subframe transmission should be considered in Rel-15 LAA enhancement. Following DMRS enhancement could be considered for UL partial subframe.  

· Scheme 1: Utilizing the DMRS of adjacent subframe for demodulation. UL partial subframe could only be scheduled by multiple subframe scheduling which schedules more than 1 subframes. 

· Scheme 2: Additional DMRS OS to support the same number of DMRS symbols in UL partial subframe as that in normal subframe. 
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