3GPP TSG RAN WG1 Meeting #88

 

       R1-1702464
Athens, Greece 13th - 17th Feb. 2017
Agenda item: 8.1.2.4.3
Source: LG Electronics
Title: Discussion on Phase Tracking RS for UL
Document for: Discussion and Decision ______________________________________________________________________
1. Introduction
In RAN1 ad-hoc [1], it was agreed to study how to indicate presence/patterns of PTRS, and so on, as follows: 
	Agreements:
· Regarding PT-RS for CP-OFDM, the following is supported

· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline

· Whether/how to share DL PT-RS among UEs is FFS

· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated

· Multiple PT-RS densities defined in time/frequency domain are supported

· UE can assume same precoding for a DM-RS port and a PT-RS port

· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS

· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource

· Study the following for PT-RS, taking overhead and forward compatibility into account

· Details on frequency domain patterns/densities

· How to indicate presence/patterns of PT-RS

· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category

· E.g., explicit indication by L1/L2/L3 signaling

· Port multiplexing methods

· E.g., non-orthogonal multiplexing within PT-RS ports and with data

· Using PT-RS for CFO/Doppler estimation

· QCL relationship between PT-RS and DM-RS

· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy

· Others are not precluded


For UL MU, multiple UEs requiring PTRS transmission are multiplexed on the same time/frequency region so that orthogonal PTRS resource would be allocated to each UE. In this case, UE should know PTRS RE positions for other UEs to puncture its data from the regions as well as its own PTRS RE positions. Otherwise, UE could overlap its PUSCH on PTRS RE positions for other UEs, which degrades estimation performance of phase tracking. However, explicit indication of PTRS RE position for other UEs incurs high control signalling overhead which increases with # of multiplexed UEs. 
In this contribution, we discuss indications related to PTRS for other UEs in terms of the trade-off between control signalling overhead and UL spectral efficiency.
2. Discussion on Indication related to PTRS
· Indication on PTRS presence of other UEs
In the previous meeting, the presence of PTRS in scheduled resource is UE-specifically configured/indicated. On the other hand, for indications of PTRS presence of other UEs which share the same scheduled resource, we can consider the following two alternatives:
First, gNB explicitly indicates PTRS RE presence of other UEs as well as its own PTRS presence. In this case, UL spectral efficiency can be improved, because UE can transmit its PUSCH on PTRS RE positions occupied by inactive other UEs.  However, it requires high control signalling overhead and may be signalled in a short cycle (e.g. slot). Furthermore, if multiple UEs with different PRB size have overlapping PRBs as shown in Figure 1, the indication may be transferred in minimum scheduling unit (e.g. 4PRB). 
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Figure 1
Therefore, this alternative may incur significantly high control signalling overhead. Accordingly, explicit indication on the presence of other UEs seems inadequate in terms of control signalling overhead.

Proposal 1: Explicit indication on the presence of other UEs seems inadequate in terms of control signalling overhead.
Second, UE implicitly knows PTRS presence for other UEs. For example, PTRS are FDMed in the frequency domain, and PTRS of each UE is distinguished by its port number (or offset) in the frequency domain, which is plotted in Figure 2. At that time, UE assumes that REs related to PTRS are always active.
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Figure 2
In this case, there is no need of signalling on PTRS presence of other UEs. However, UL spectral efficiency is reduced, since REs related to PTRS are always active regardless of whether multiplexing with other UEs. 
Proposal 2: Implicit indication on PTRS presence of other UEs could be considered from control signalling overhead perspective despite of UL spectral efficiency loss.
· Indication on PTRS time pattern
In the previous meeting, it was agreed that multiple PTRS densities defined in time/frequency domain are supported. For example, we consider two time patterns as shown in Figure 3. 
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Figure 3
Here, it can be seen that pattern A has more than two times RS overhead than pattern B if DMRS is used as PTRS. Therefore, we can see that dynamic signalling on PTRS time patterns provides PTRS overhead reduction by more than 50%. On the other hand, since required PTRS time patterns can be different according to UE, it may be needed to instruct PTRS time patterns of other UEs. However, when multiple UEs with different time patterns have overlapping PRBs, this approach results in high control signalling overhead, which is similar to the case of indication on PTRS presence for other UEs. Accordingly, it would not be suitable from controlling signalling overhead perspective. In this regard, it could be considered to apply the same time pattern on UEs multiplexed on the same frequency/time resource despite of a loss of UL spectral efficiency.

Proposal 3: It could be considered to apply the same time pattern on UEs multiplexed on the same frequency/time resource.
3. Conclusion
In this contribution, for UL MU, we discussed indication on PTRS presence of other UEs and PTRS time pattern.   From the discussion, we propose as follows:
Proposal 1: Explicit indication on the presence of other UEs seems inadequate in terms of control signalling overhead.
Proposal 2: Implicit indication on PTRS presence of other UEs could be considered from control signalling overhead perspective despite of UL spectral efficiency loss.
Proposal 3: It could be considered to apply the same time pattern on UEs multiplexed on the same frequency/time resource.
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