3GPP TSG-RAN WG1 #92b	                                  			         R1-1804469
Sanya, China, April 16th-20th 2018

Source:	Mitsubishi Electric
Title:	Remaining issues on PTRS 
Agenda Item:	7.1.2.3.4 - PT-RS
Document for: 	Discussion/Decision
Introduction
In RAN1 #92 meeting [1], the main aspects of PT-RS design were finalized. For DFTsOFDM, the current version of the Rel.15 specifications generally reflects the current decisions and only editorial corrections and/or clarifications remain.
In this contribution, we propose several corrections and clarifications for TS 38.211 [3] and give our view on some remaining issues on PTRS for DFTsOFDM.

Discussion
Mapping of PTRS sequence into a pi/2 BPSK PUSCH for DFTsOFDM
In the case of pi/2 BPSK PUSCH based on DFTsOFDM, in order to preserve the PAPR, PTRS insertion needs to observe a strict constraint: after PTRS insertion, the block of symbols (PTRS + PUSCH) fed into the DFT precoder must be pi/2 BPSK. That is, the phase on top of each BPSK symbol has to be dependent on the mapping position of the symbol in the pre-DFT space (indexed as m in the specifications), and not on the index of the symbol within the PUSCH symbols, respectively within PTRS symbols (indexed as m’ in the specifications).



In section 6.4.1.2.1.2, this was correctly reflected in the previous specification version [4] by the use of the mapping index m (having a minimum value 0 and a maximum value -1) to compute the phase, and of a different index m’ (ranging from 0 to -1) to count the PTRS samples. For example, with M=36 and the 4x4 PTRS sequence, the index m giving the mapping position of the symbol in the pre-DFT space is m={ 0, 1, 2, 3, 11, 12, 13, 14, 20, 21, 22, 23, 32, 33, 34, 35} while m’={0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15}. In positions corresponding to the 2nd PTRS chunk, m’mod2 is different from mmod2. The two indices are not interchangeable.
Nevertheless, at some point during the email exchanges index m was replaced by m’ in the current specification version [3]. The current version is not inline with the text agreed in [5] in the AdHoc January meeting [2]. We propose to roll back to the previous version, inline with the standing agreements:
TP for clause 6.4.1.2.1.2
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.


where the pseudo-random sequence  is defined in clause 5.2.1 and  is given by Table 6.4.1.2.1.2-1.

Thresholds in PTRS density tables
For the PTRS density tables, sets of thresholds need to be configured by RRC. For DFTsOFDM for example, Q=5 threshold values are needed (NRB0…4), each ranging from 1 to 276, so potentially needing up to 9 bits. Even though the number of needed bits per threshold may be reduced by using some uniform or non-uniform quantization, the resulting amount of bits will still be high if we want to guarantee good flexibility for the threshold choice. Although the RRC overhead is a RAN2 issue, the link between the set of thresholds and the parameter representative of the set should be described in the RAN1 specification, as it is the case in many similar situations such as, e.g.,  determining the exact relation between a given resource allocation and the RIV index representative of that allocation.

It is known that a set of Q thresholds in strictly increasing order  can be indicated through the combinatorial index 


	 with 
In our case thresholds NRBi are increasing but not strictly increasing; all thresholds may be even equal. To adapt the above formula we should choose si=NRBi+i , N=276+Q and Q=5 and if no other quantization is applied for DFTsOFDM. With quantization, different values for N depending on the quantization method can be chosen. Similar approach can be taken for CP-OFDM, for both MCS and bandwidth thresholds.
Proposal: For PT-RS density tables, the thresholds should be reported based on a combinatorial index. 

Mapping to physical resources
In section 6.4.1.2.2.2 of [3], the following is specified for PT-RS mapping to physical resources if transform precoding is enabled:
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
But for DFTsOFDM mapping is being made in the pre-DFT domain and the meaning of PT-RS transmission in a certain resource block is unclear. We propose the following: 
TP for clause 6.4.1.2.2.2:
The UE shall transmit phase-tracking reference signals only in ODFM symbols used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
Discussion on simultaneous use of PTRS and TD-OCC
In RAN1#90b [7] it was agreed that UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz. The intention was that, in the presence of strong phase noise, the channel variations from one OFDM symbol to the next one are considered strong enough to break the orthogonality of the OCC, and therefore configuration of DMRS with TD-OCC should be forbidden in this case. The consequence is that in FR2, when PTRS is enabled, the maximum number of DMRS ports that can be configured (and thus the maximum number of layers that can be transmitted) is divided by two, which has important consequences on the maximum throughput.
Nevertheless, the fact that the original assumption behind this decision may not always be true was overlooked. More specifically, in many cases the phase variations from one symbol to the next one may not be that important, and this is typically the case when the PTRS time density is lower than 1, that is LPTRS={2, 4}. In those cases, the throughput penalty brought by forbidding simultaneous PTRS and DMRS with TD-OCC configuration is not justified. Performance evaluation of the impact of phase noise on the performance of TD-OCC can be performed to confirm the observation. A variety of channel and phase noise models should be included in the evaluation.
Observation: Forbidding simultaneous PTRS and DMRS with TD-OCC configuration is not justified for LPTRS={2, 4} and should be limited to LPTRS=1.

Conclusion 
We propose the following:
TP for clause 6.4.1.2.1.2 (roll-back to the previous text)






If transform precoding is enabled, the phase-tracking reference signal  to be mapped in position  before transform precoding, where  depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1, shall be generated according to

.


where the pseudo-random sequence  is defined in clause 5.2.1 and  is given by Table 6.4.1.2.1.2-1.
Proposal: For PT-RS density tables, the thresholds should be reported based on a combinatorial index. 
TP for clause 6.4.1.2.2.2:
The UE shall transmit phase-tracking reference signals only in ODFM symbols used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
Observation: Forbidding simultaneous PTRS and DMRS with TD-OCC configuration is not justified for LPTRS={2, 4} and should be limited to LPTRS=1.
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