
[bookmark: _Ref124589705][bookmark: _Ref129681862]3GPP TSG RAN WG1 Meeting #91	R1-1719442
Reno, USA, November 27th - December 1st, 2017

Agenda Item:	7.2.3.6
Source:	Huawei, HiSilicon
Title:	Remaining details for CSI-RS for fine time and frequency tracking
Document for:	Discussion and decision 

Introduction
In RAN1 90bis meeting [1], the agreements regarding TRS for time and frequency were:
[bookmark: OLE_LINK2]Agreement
Following TRS BWs are supported in NR
min(BWP, ~50RBs)
FFS: BWP
UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB

Agreement:
TRS can be configured on a carrier or on an active BWP when SS block is not present
Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options
Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots
· TRS BW can be equal to BW of BWP
· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 
· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1
In this contribution we provide our views on the tracking signal design parameters and discuss the remaining issues of reference signal for fine time and frequency tracking.

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]TRS design parameters
In the last RAN1 meeting, the set of design parameters of TRS were agreed except for several remaining issues:
· TRS symbol positions
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Others
· Whether additional configurations of TRS is supported for sub-6GHz
· [bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]X=1
· The parameters of TRS for above-6GHz
· X, N, St
· TRS periodicity
· Whether aperiodic TRS supported? 
· For long DRX mode

For TRS symbol position, it was agreed that “DMRS and TRS are at least TDMed from UE perspective”, so considering DMRS pattern, none of the listed TRS symbol positions (4/8, 5/9, 6/10) could be TDMed with all the possible DMRS positions, so we propose adopting all the three options and to be configurable.
Proposal 1: adopt the following TRS symbol positions, and to be configured by RRC
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
[image: ]
Figure 1 DMRS symbol position

For the additional TRS configuration in sub-6GHz X=1, as it’s already confirmed in RAN1 that Doppler estimation need 4 samples to achieve enough performance, so, the UE can’t handle Doppler when X=1. Furthermore, there isn’t any clear benefit of using X=1, since eNB can anyway could use long TRS periodicity to reduce overhead, so we propose:
Proposal 2: X=1 is not supported for sub-6GHz

For the TRS parameters of X, N, St and TRS periodicity in above-6GHz, firstly, it’s reasonable to reuse the sub-6GHz parameters up to eNB configuration; and then, further evaluation could be done to evaluate the feasibility of estimating the frequency offset and Doppler based on other RS, such as PTRS, if feasible, other parameters for X, N, St could be taken into consideration.
Proposal 3: for the TRS parameters in above-6GHz
· Reusing current sub-6GHz parameters
· Introducing additional value of X, N, St, if others RS, such as PTRS, needs to be justified to be feasible for frequency offset and Doppler estimation

Another open issue of TRS is whether aperiodic TRS supported for example, for long DRX mode? Firstly, from implementation point of view, UE has to wake up before starting On duration data reception during long DRX cycle to acquire frequency offset estimation, because there might be a large frequency offset between two on durations, especially for HST SFN scenarios when UE just passing a transmission point with high velocity.  To save energy and not wake up too early, the signal for frequency offset estimation should align with DRX on duration; Then, both SS block and TRS can perform at least coarse frequency offset estimation for low MCS data reception; finally, only relying on SS block would introduce restriction to configure DRX ON duration, periodic TRS or even aperiodic TRS would bring more flexibility for DRX configuration. So, we propose:  
[bookmark: _GoBack]Proposal 4: The DRX on duration can follow the SS burst, periodic or aperiodic TRS depending on gNB configuration.

1 [bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]QCL assumption between wide and narrow beams
In high frequency wireless communication, narrow beam providing high beamforming gain is usually employed at both transmitter and receiver sides. There could be many narrow beam directions. It will be a great resource overhead if TRS is sent in each beam direction. To reduce overhead, TRS is sent only in several wider beam directions. Then the question is: Can we have the QCL assumption in terms of average delay, frequency offset, delay spread and Doppler spread between wide and narrow beams? With wider beam, more paths could be observed and the average delay changes. But if the change is small compared to CP length, its impact on demodulation performance can be ignored. Frequency offset may be observed between narrow and wider beams if they point to different direction. The magnitude of frequency offset depends on the angle offset of the pointing directions and UE moving speed which could be significant in high mobility case. Frequency offset results in degradation of channel estimation and demodulation performance at high SNR. The degradation could be potentially mitigated through other RS, e.g. PTRS. The path delay spread and Doppler spread difference between narrow and wide beam could affect the channel estimation performance. QCL assumption between DMRS and TRS will be different depending on the conclusion of QCL assumption between narrow and wide beams. In case the same QCL assumption could be made between narrow and wide beams, Figure 1 shows the QCL assumption among the NR reference signals with wide TRS beam.
[image: ]
[bookmark: OLE_LINK90]Figure 2 QCL assumptions with wide TRS beam

The DMRS for broadcast channel referring to the DMRS used for the demodulation of SIB, RRC signaling, paging and etc. before the TRS is configured. Figure 2 shows the QCL assumption among the NR reference signals with narrow TRS beam. Since data transmission may employ multiple narrow beams, multiple narrow TRS beams may be required for tracking. To support both of the scenarios, the configuration of TRS and its QCL association should be flexible.
[image: ]
Figure 3 QCL assumptions with narrow TRS beam
Proposal 5: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options

2 Conclusion
In this contribution we provide our input on the setting of TRS design parameters. We also discuss the remaining issue of TRS design and provide our proposals. In summary we have the following proposals:
Proposal 1: adopt the following TRS symbol positions, and to be configured by RRC
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
Proposal 2: X=1 is not supported for sub-6GHz
Proposal 3: for the TRS parameters in above-6GHz
· Reusing current sub-6GHz parameters
· Introducing additional value of X, N, St, if others RS, such as PTRS, needs to be justified to be feasible for frequency offset and Doppler estimation
Proposal 4: The DRX on duration can follow the SS burst, periodic or aperiodic TRS depending on gNB configuration.
Proposal 5: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options
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