3GPP TSG RAN WG1 Meeting #90
R1-1712242

Prague, Czech Republic, 21-25 August 2017

Agenda Item:
6.1.2.3.4

Source:
Huawei, HiSilicon

Title:
PTRS for DFT-s-OFDM

Document for:
Discussion and decision

1 Introduction

In this contribution, we provide further details on PTRS for DFT-s-OFDM. The evaluation assumptions are aligned with [1]
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[2][3], while specific choices will be given along with the results.

2 Pre-DFT or post-DFT

For DFT-s-OFDM, PTRS can be inserted either pre-DFT or post-DFT. With pre-DFT PTRS, low PAPR of DFT-s-OFDM can be preserved. For post-DFT PTRS, there are two methods for resource mapping: rate-matching and puncturing [4]. As shown in Figure 1

 REF _Ref480449638 \h 
, PAPR of both post-DFT methods are higher than pre-DFT PTRS insertion. 
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Figure 1 PAPR of DFT-s-OFDM with pre/post-DFT PTRS

Moreover, similar to PTRS for CP-OFDM, post-DFT PTRS for DFT-s-OFDM would mainly serve for CPE estimation, providing only symbol-level phase tracking (i.e., one CPE is calculated for one DFT-s-OFDM symbol). In contrary, pre-DFT PTRS can enable phase tracking within one DFT-s-OFDM symbol, and thus a finer time-domain resolution. As shown in Figure 2, in most cases, pre-DFT PTRS provides large performance gains over post-DFT PTRS. Even more interestingly, when small BW (e.g., 8 RBs) and medium MCS (e.g., 16QAM 2/3) are transmitted, tracking of phase errors from phase noise is generally not needed.
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Figure 2 SE of DFT-s-OFDM with pre/post-DFT PTRS (phase noise only)
For these reasons, pre-DFT PTRS is preferred for DFT-s-OFDM.

Proposal 1: Confirm the working assumption on supporting pre-DFT PTRS for DFT-s-OFDM. 

3 Time-domain pattern
The time-domain pattern for pre-DFT PTRS for DFT-s-OFDM can be divided into two levels: sample-level (within one symbol) and symbol-level (across symbols). Here the “symbol” refers to a DFT-s-OFDM symbol.

3.1 Sample-level time pattern

For pre-DFT PTRS within one DFT-s-OFDM symbol, as shown in Figure 3
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, there are two alternatives: fully distributed and chunk-based. 
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Figure 3 Methods of inserting pre-DFT PTRS within one DFT-s-OFDM symbol

For fully-distributed methods, phase error on each PTRS sample can be estimated independently, and interpolation can be performed to estimate phase errors on data samples in-between. This method enables finer phase tracking granularity, but the phase estimation on every single PTRS sample can be easily contaminated by additive noise and interference from adjacent UEs/gNBs. To solve this problem, some additional processing such as least-square (LS) estimation can be done, which incurs extra complexity and is not very reliable.

Chunk-based method inserts distributed PTRS chunk(s) where each chunk consists of more than one PTRS sample. By averaging operation, negative influence from additive noise and interference from adjacent UEs/gNBs can be alleviated. And, with multiple distributed PTRS chunks, time-domain interpolation and fine phase tracking granularity can also be achieved. To balance the overhead, the chunk number (CN) and chunk size (CS) can be made configurable, implicitly or explicitly. Moreover, if multiple UEs are paired for UL transmission, with chunk-based PTRS, orthogonal sequences can be applied to overlapped chunks of PTRS for different UEs, which can help to alleviate the inter-user interference. 

Evaluations are performed to check the performance of chunk-based and fully-distributed methods. As shown in Figure 4, chunk-based PTRS provides clear performance gains over fully-distributed PTRS and LS estimation with fully-distributed PTRS is not reliable (even worse than no compensation). In addition, throughout our evaluations, chunk size of {2, 4} appear to be achieving maximum SE for most cases. In these evaluations, symbol-level time density of every symbol is assumed. 

Proposal 2: Support chunk-based distribution for pre-DFT PTRS within one DFT-s-OFDM symbol, where each chunk consists of at least two samples.
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Figure 4 SE of DFT-s-OFDM with chunk-based pre-DFT PTRS (phase noise only, every symbol)
3.2 Symbol-level time density

For tracking Doppler or CFO for low MCS, the symbol-level time density of PTRS can be comparatively sparser. For tracking phase noise for high MCS, the symbol-level time density of PTRS should be relatively denser, as the coherence time of phase noise is much smaller. In general, different scenarios/functionalities ask for different symbol-level time densities for PTRS for DFT-s-OFDM. 

As illustrated in Figure 5, symbol-level time density of every 2nd symbol can be used for tracking CFO and the saved overhead can lead to clear SE gains, especially in medium to high SNR region. To unify the PTRS design, same symbol-level time densities as CP-OFDM are preferred for PTRS for DFT-s-OFDM, i.e., PTRS for DFT-s-OFDM can be mapped every symbol, every 2nd symbol, or every 4th symbol. 

Proposal 3: Support using the same set of symbol-level time densities for PTRS for CP-OFDM and DFT-s-OFDM.
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Figure 5 SE of DFT-s-OFDM with pre-DFT PTRS with reduced symbol-level time density (CFO only)
4 Presence and pattern indication

Here we discuss how to indicate the presence and pattern of PTRS for DFT-s-OFDM.

4.1 Presence indication

It was agreed that the presence of PTRS for DFT-s-OFDM is UE-specifically configurable. Such configuration can be done explicitly or implicitly. To save the signalling overhead whilst harmonizing with the design of PTRS for CP-OFDM [5], implicit indication by predefined/RRC-configured association rules and then dynamic association with scheduled MCS/BW is preferred for indicating the presence of PTRS for DFT-s-OFDM. 
Proposal 4: PTRS for DFT-s-OFDM is mapped when scheduled MCS/BW are above pre-defined but RRC-configurable thresholds.

4.2 Pattern indication

It was agreed that multiple patterns are supported for PTRS for DFT-s-OFDM. For the chunk size, based on previous evaluation results, we propose to limit the chunk size to {2, 4}, while the specific choice can be predefined or RRC-configured or implicitly associated with scheduled MCS/BW. 
For other parameters, to keep a unified design for both waveforms as much as possible, we propose to associate symbol-level time density with the scheduled MCS, and associate the number of chunks in each symbol with the scheduled BW, as expressed in Table 1 and Table 2. 

Table 1 Association between scheduled MCS and PTRS symbol-level time density
	Scheduled MCS
	Time density

	0 <= MCS < MCS1
	No PTRS

	MCS1 <= MCS < MCS2
	Every 4th symbol

	MCS2 <= MCS < MCS3
	Every 2nd symbol

	MCS3 <= MCS < MCS4
	Every symbol


Table 2 Association between scheduled BW and number of chunks for PTRS
	Scheduled BW
	Number of chunks 

	0 <= NRB < NRB1
	No PTRS

	NRB1 <= NRB < NRB2
	1

	NRB2 <= NRB < NRB3
	2

	NRB3 <= NRB < NRB4
	4 

	NRB4 <= NRB
	8


To accommodate different UE implementations, the association between time-density/number-of-chunks and scheduled MCS/BW should be UE-specifically configurable. And, UE should be able to suggest the preferred MCW/BW thresholds to the gNB, to enable forward compatibility.

As the MCS table has not been finalized, the exact values of the MCS and BW thresholds can be discussed at a later stage. Nevertheless, some preliminary suggestions have been provided in [6].

Proposal 5: For DFT-s-OFDM, support predefined and RRC-configured and UE-suggested association between symbol-level time density of PTRS and scheduled MCS, and between number of PTRS chunks in each symbol and scheduled BW, where the chunk size is configured between 2 and 4.

5 Sequence design

Pi/2 BPSK is supported for data transmission using DFT-s-OFDM. Even for such low-order modulation, PTRS can still be used to deal with CFO/Doppler, by configuring proper MCS/BW thresholds. In Figure 6, PAPR of pi/2 BPSK modulation with different PTRS sequences are compared. As can be seen, using pi/2 BPSK sequence (shifted together with or independent of data) for PTRS for DFT-s-OFDM can help maintaining the desired low PAPR property.
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Figure 6 PAPR of pi/2 BPSK modulation with different PTRS sequences

Proposal 6: Support using pi/2 BPSK sequence for PTRS of DFT-s-OFDM at least when pi/2 BPSK is used for the scheduled data transmission.

6 Summary of proposals
Proposal 1: Confirm the working assumption on supporting pre-DFT PTRS for DFT-s-OFDM. 

Proposal 2: Support chunk-based distribution for pre-DFT PTRS within one DFT-s-OFDM symbol, where each chunk consists of at least two samples.
Proposal 3: Support using the same set of symbol-level time densities for PTRS for CP-OFDM and DFT-s-OFDM.
Proposal 4: PTRS for DFT-s-OFDM is mapped when scheduled MCS/BW are above pre-defined but RRC-configurable thresholds.

Proposal 5: For DFT-s-OFDM, support predefined and RRC-configured and UE-suggested association between symbol-level time density of PTRS and scheduled MCS, and between number of PTRS chunks in each symbol and scheduled BW, where the chunk size is configured between 2 and 4.

Proposal 6: Support using pi/2 BPSK sequence for PTRS of DFT-s-OFDM at least when pi/2 BPSK is used for the scheduled data transmission.
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