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1. [bookmark: _Toc473554899]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1 #87, a LS from RAN1 [1] was sent to RAN4:

RAN1 is currently discussing different design options for sPUSCH, where different mapping options of the DMRS symbols and data symbols are considered.

It has been identified that there might be impacts to the RF implementation depending on the design choice (for more information see attachment R1-1611530).

Before taking a decision on the sPUSCH mapping, RAN1 would like to ask RAN4’s opinion, if any RF related impacts are foreseen that would degrade the demodulation performance of the sPUSCH. Specifically, the following aspects have been identified in case a UE transmits DMRS symbol(s) and associated data symbol(s):

1)	Using different output power levels; 
2)	Using different bandwidth allocations; 
3)	Allocating DMRS symbol(s) and the associated data symbol(s) non-contiguously in time

 
In this contribution, we provide our considerations on sPUSCH design.


2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Discussion  

When sTTIs are used for downlink and uplink transmissions, we assume that naturally puts some restriction on the cell coverage and consequently the UE mobility. It may be possible to reuse the DMRS embeded in sPUSCH from a previous sTTI for sPUSCH transmision in the current sTTI, if both are from the same UE. Phase discontinuity can be probelmatic as identified in [2].

We propose to introduce a Phase Tracking Signal (PTS) to track the phase discontinuity. To achieve commonality as much as possible with the legacy LTE design, the insertion of the PTS is before DFT. The legacy LTE uplink processing chain for data symbols is retained with the following changes:

The PTS and PUSCH modulation symbols are placed in the bins  before DFT, and ratio between tones taken by the PTS and symbols taken by PUSCH modulation symbols can be either configurable to account for the number of PRBs in the resource allocation. For example, if many PRBs are assigned in one sTTI, then the tracking reference signal density can be lower than that for the case where only a few PRBs are assigned. As the PTS is multiplexed with PUSCH data symbols before DFT, the PAPR or the cubic metric is not increased compared to the case where all the resources are used for PUSCH data symbols. In any case, PUSCH rate matching is performed around the symbols taken by the PTS. The high level processing chain is provided below in Figure 1:
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Figure 1 PTS & sPUSCH multiplexing


 



Figure 2 Insertion of PTS








One can consider that the PTS symbols occupy the initial bins before DFT. Yet the initial bins are translated into the first part in the time domain in an OFDMA symbol after the prefix, the EVM for them can be poorer than that for other bins. Hence it may be beneficial to consider placing the PTS symbols into bins after several data symbols as shown in Fig. 2.

We have 

Proposal: Consider using a phase tracking signal to handle the phase discontinuity problem. If present, the phase tracking signal is inserted towards the beginning bins before DFT.




3. Conclusion
In this contribution, we consider using a tracking reference signal to handle the phase discontinuity problem. We have
Proposal: Consider using a phase tracking signal to handle the phase discontinuity problem. If present, the phase tracking signal is inserted towards the beginning bins before DFT.
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