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1. Introduction
At the RAN1#88bis meeting, following agreements related to multiple starting and ending position for UL transmission were reached [1]. 
	Agreements:
At least one additional UL ending point is introduced

· The ending point is indicated with a UL grant allocating the resources for the subframe

Agreements:
At least one additional UL starting point is introduced

· FFS: details, including whether the starting point is indicated with an UL grant or not 



In this contribution, we discuss on possible issue regarding the DMRS transmission in UL partial subframe and the possible solutions for multiple layers transmission in UL partial subframe. 
2. Discussion on DMRS for PUSCH in partial subframe transmission 
2.1. DMRS in UL partial subframe  
In legacy PUSCH transmission, DMRSs are located in the 4th symbol of each slot in PUSCH subframe. To support the multiple layer transmission for each scheduled UE, 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 each scheduled UE. Furthermore, DMRS orthogonality between MU-MIMO paired UE could be ensured by OCC even if the scheduled UEs have different transmission bandwidth. 
However, in partial subframe transmission, there is only one available DMRS symbol transmitted in a PUSCH subframe if the duration of the partial subframe covers only either one of DMRS locations. Fig.1 shows an example of partial subframe structure when PUSCH starts or ends at slot boundary. In such partial subframe, the maximum allowed orthogonal DMRS layers are reduced to two as OCC2 is not supported in the subframe. Thus, the maximum allowed orthogonal layers of the partial subframe and normal subframe is different. It will restrict the maximum allowed transmission layers in multiple subframe scheduling as common number of transmission layers are assumed for all the scheduled subframes. This restriction will reduce the efficiency of LAA. 
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Figure 1: Subframe structure if UL starts or ends at slot boundary  
Observation: The maximum allowed orthogonal layers are reduced in the partial subframe with only one DMRS symbol. 
2.2. Solutions on multiple layer transmission in UL partial subframe   
In this section, we discuss on the possible solutions for the issue regarding multiple layer transmission in the partial subframe where there is only one DMRS symbol left in the subframe. 
Scheme 1: Transmission layer fall back in partial subframe  
In the multiple subframe scheduling, which schedules both the partial subframe and normal subframes, if the scheduled transmission layer is larger than 2, UE should fall back to transmit 2 layer in partial subframe. The number of layer in normal subframe follows the indication in UL grant. This approach will reduce the transmission efficiency in partial subframe and restrict the MU paired UE to use same RBs.
Scheme 2: Utilizing cyclic shift to achieve 4 layer DMRS    
As OCC is not applied for the one symbol DMRS, only cyclic shift could be utilized to achieve 4 layer DMRS. The separation of cyclic shift among DMRS layers should be equal. For simplicity, the legacy table for the “Cyclic shift for DMRS and OCC index” field in UL grant could be reused by setting w(λ)(0) = w(λ)(1) =1 for the partial subframe. The orthogonality among DMRS layers in 4 layer transmission is worse than that in 2 layer transmission since the separation of cyclic shift in 4 layer transmission is the half of that in 2 layer transmission. To achieve orthogonality among MU paired UEs, the same RBs should be allocated for these UEs. 
Scheme 3:  Utilizing the DMRS of adjacent subframe for demodulation 
There are two approaches to utilize the adjacent subframe for demodulation. 

· Scheme 3-1: Utilizing the DMRS of both partial subframe and adjacent subframe 
· Scheme 3-2: Utilizing the DMRS only of adjacent subframe 
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(a) Scheme 3-1                                                                (b) Scheme 3-2
       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, the scheduled RBs are the same in the scheduled subframe. Fig.2 shows an example of demodulation of starting partial subframe by utilizing of Scheme 3-1 and Scheme 3-2. In Scheme 3-1/3-2, cyclic shift and OCC follows the indication in UL grant.  

For Scheme 3-1, 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. Then the same of maximum 4 orthogonal layers are achieved in partial subframe as that in normal subframe. 
For Scheme 3-2, which is showed in Fig.2(b), demodulation on partial subframe relies on the DMRS of adjacent subframes. eNB could configure DMRS not to be transmitted to reduce the RS overhead in the partial subframe. It is obvious that the channel estimation performance is low especially in high Doppler situation.      
Scheme 4: Additional DMRS symbol for partial subframe  
As one symbol DMRS in the partial subframe will have an impact on the DMRS orthogonality in multiple layer transmission, one additional DMRS symbol, which has a different symbol position compared to DMRS in normal subframe, could be transmitted in the partial subframe. 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. 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, UE 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.  
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Figure 3: Additional DMRS for starting partial subframe
Scheme 5: IFDMA based structure for one symbol DMRS  
In Rel-14 eFD-MIMO, IFDMA based structure is introduced for UL DMRS to enable more MU-MIMO UE pairing. While in UL partial subframe transmission with one symbol DMRS, the IFDMA structure could be utilized to provide more orthogonal layers for a specific UE to ensure the maximum supported orthogonal layer in partial subframe is the same as that in normal subframe. 
The subcarriers in the DMRS symbol could be comb-like grouped into two combs. Then there are two approaches to utilize the comb structure to achieve more orthogonal layers.  

· Scheme 5-1: OCC2 are applied to two combs 

· Scheme 5-2: Layer 1,2 on one comb and layer 3,4 on the other comb.
Fig.4 shows the details of Scheme 5-1 and 5-2. In normal subframe, OCC2 is applied to two DMRS symbols. While, in partial subframe with Scheme 5-1, OCC 2 is applied to two combs of one DMRS symbol. eNB could reuse the legacy table of “Cyclic shift for DMRS and OCC index” and just modifying the mapping on which REs the OCCs are applied for. Then all the layers are transmitted in both Comb#0 and Comb#1. 
For Scheme 5-2, layer 0,1 DMRS is transmitted in Comb#0 and layer 2,3 DMRS is transmitted in Comb#1. Then orthogonality between layer 0/1 and 2/3 could be ensured. In this approach, a modified table by considering the comb information should be introduced.  
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              Figure 4: IFDMA structure for DMRS in partial subframe, (a) Scheme 5-1: OCC2 are applied to two combs; (b) Scheme 5-2: Layer 1,2 on one comb and layer 3,4 on the other comb.
Proposal: DMRS enhancement for UL partial subframe transmission should be considered in Rel-15 LAA enhancement. 
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 observation and proposal.
Observation: The maximum allowed orthogonal layers are reduced in the partial subframe with only one DMRS symbol. 
Proposal: DMRS enhancement for UL partial subframe transmission should be considered in Rel-15 LAA enhancement. 
References
[1]
3GPP RAN1 #88bis, Chairman’s note, April 2017.

