Page 1
3GPP TSG RAN WG1 #90bis	R1-1718550
Prague, Czech Republic
October 9th – 13th 2017

[bookmark: Source]Agenda item:	7.2.3.6
Source: 	Qualcomm Incorporated
Title: 	Remaining issues on TRS
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
[bookmark: _GoBack]At RAN1#90 meeting [1], the following agreements were made:
Working assumptions:
· At least X=2 is supported
· FFS on X= 1 and 4
· Check whether X=1 can provide sufficient Doppler spread estimation performance
· Total symbol number summed over X=2 slots is 4 (Consider further 2+2 and 3+1, support one or both (FFS)). 
· Consider further the positions, taking into account DMRS
Agreements: 
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting
· Sf=4 
· Y>=160ms is not supported. Consider further down-selection on other values agreed in RAN1AdHoc2 
Agreements:
· A UE can be configured multiple TRS at least if the UE supports multi-TRP/multi-panel deployment
· Details FFS
· TRS can be QCLed with PDSCH DMRS, regarding at least delay spread, average delay, Doppler shift and Doppler spread. 
· Configuration / signalling details FFS
· Note: The QCL assumption may be implicit via QCL assumption with other RS
· FFS for other QCL parameters
· TRS sequence is based on PN generator
· Study whether TRS is needed in idle mode
· For example, paging, RMSI, RAR demodulation performance by considering without TRS for Doppler spread estimation
· Study whether TRS needs to be configured on a BWP/carrier without SS block
· Study the relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle
· The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration. The DRX ON timing is aligned with SS burst within a number of slots
· There is timing offset between TRS and SS burst. The DRX ON timing is aligned with SS burst, or with TRS within a number of slots 
· Configure aperiodic TRS before the starting point of DRX ON duration, so that DRX ON timing is independent of SS burst appearance 
· Other solutions are not precluded
Agreements:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz
· Before receiving the RRC configuration of TRS, FFS

At RAN1 NR-AH#3, the following was further agreed.
Agreement:
The TRS symbol number in each slot for X=2 
· At least 2+2 is supported
· FFS: Support of 3+1
Agreement:
· For TRS, support TRS burst length X=2 slot.
· A slot containing SSB can be configured for TRS 
· TRS may be TDM with SSB to avoid collision
· FFS: TRS may be FDM with SSB to avoid collision
· Strive to have same burst pattern of TRS configurations with and without slot containing SSB
In this contribution, we focus on the discussion of some open issues, including TRS pattern and the relationship between TRS and DRX operation. 
Periodicity of TRS Burst
The agreed candidate values for TRS burst periodicity are 5, 10, 20, 40 and 80 ms. Simulations to verify the ranges of the periodicity is quite tricky and will require significant efforts (e.g., run in HST scenarios, run with CDRX with irregular traffic and etc.). Considering that the periodicity of TRS burst affects the least on UE implementation for TRS processing and the right value will be mostly a function of deployment configuration, it is proposed to allow all the periodicities. NW can choose appropriate periodicity based on their deployment scenario (such as high speed condition, CDRX parameters and etc.)
Proposal 1: Support 5, 10, 20, 40 and 80 ms for TRS burst periodicity.
Bandwidth of TRS Burst
It was agreed that we should consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in this upcoming meeting. In this section, we provide evidence supporting wide-band TRS configuration with the same BW of the active BWP. It should be clear that having a wide-band TRS is essential in two aspects: (1) large BW provides fine granularity in the time domain, which guarantees robust TTL operation (2) TRS with larger BW can lead to more accurate power-delay-profile estimation by reducing the effect of convolution leakage and providing more processing gain, which in turn would benefit the channel estimation of DMRS and improve the demod performance of PDSCH, given that the bandwidth of DMRS can be as wide as that of the BWP. In this section, we focus on the second aspect and provide simulation results showing the relationship between TRS BW and PDSCH demod performance. Specifically, we consider the following TRS, DMRS and PDSCH pattern.


In this set of simulations, we set the BW of PDSCH to be 168RBs, i.e., ~60MHz BW at 30KHz SCS. Correspondingly, we sweep the TRS BW to be 5MHz, 10MHz, 20MHz, 30MHz, and 40MHz, or equivalently, 16-RBs, 32-RBs, 64-RBs, 96-RBs, and 128-RBs at 30KHz SCS. We assume that a single PRG is applied for PDSCH and a wide-band channel estimation is used for DMRS, which takes the PDP estimation from TRS as input. The PDP estimation is performed without any filtering across TRS burst. To isolate out the effect of TRS BW, we adopted genie TTL, FTL, and Doppler spread estimation without introducing any drift modeling in the simulator, in which case the periodicity should not matter.
In the set of figures below, we showed the throughput performance for different TRS BW for MIMO layer of 1, 2,3, and 4. The dashed red line indicate the case when genie PDP is used for DMRS channel estimation input. The following observation can be made from this set of results
Observation 1: 
· Small TRS BW leads to noticeable throughput loss at high spectrum efficiency when the PDSCH BW allocation is large. 
· If TRS BW is on the same scale of PDSCH allocation BW, then the PDSCH performance with TRS-based PDP estimation is close to the one with genie PDP information. 
which leads to the following proposal:
Proposal 2: TRS BW is the same as the BW of the active BWP.
It should be noted that we have not agreed on the granularity of the BWP in RAN1. If the bandwidth of the TRS is fixed to ~24 or 50 RB, there will be a mismatch between the bandwidth of the BWP (or DMRS for PDSCH) and that of the TRS in most cases. Therefore, it makes sense to align the bandwidth of the TRS to that of the active BWP.
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Figure 1: PDSCH performance with MIMO layer = 1
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Figure 2: PDSCH performance with MIMO layer = 2
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Figure 3: PDSCH performance with MIMO layer = 3
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Figure 4: PDSCH performance with MIMO layer = 4

Time domain pattern in TRS Burst
During RAN1 NR-AH#3, 2+2 pattern of TRS burst was agreed for X=2. It is FFS for 3+1 pattern. For 2+2 pattern, we provide detailed pattern considering the multiplexing of DMRS. It should be noted that 2+2 pattern enables uniform TRS processing over 2 slots compared to 3+1 pattern.
Given the agreed frequency spacing for TRS, it is necessary to allocate the TRS in different symbols from the DMRS of PDSCH. At the same time, in order to provide enough pull-in range for frequency tracking, the distance between 2 symbols within a slot should not be too large. In order to provide -2 kHz to 2 kHz frequency pull-in range, the distance between 2 symbols shall be at most 4 symbols apart assuming 15 kHz SCS (i.e., 3 symbol gap in between). For a larger SCS, the necessary minimum distance will scale up accordingly. On the other hand, it is better to make a spacing as large as possible to maximize the accuracy. Ideally we can have different time domain spacing with respect to the SCS, but it may overly complicate UE implementation. Therefore, we propose the following TRS pattern in time domain.
Proposal 3: Support three options 4_8, 3_7, 6_10 (start counting from 0), depending on the DMRS pattern used
1. 4_8 for all front-load, 1+1, 1+1+1 patterns
1. 3_7 for the 1+1+1+1 pattern
1. FFS: 6_10 for the 2+2 pattern
DMRS patterns for 1+1, 1+1+1 and 1+1+1+1 are shown in Figure 5, 6 and 7 respectively. It is seen that we can multiplex TRS and DMRS without collision using the proposed patterns. Even if we proposed 3 patterns but in fact they are nothing but a shifted version of each other in time domain. Therefore, UE can reuse the same implementation for all 3 patterns.
TRS pattern needs to be semi-static and should not vary dynamically. Therefore, we also propose the following.
[bookmark: _Hlk494744170]Proposal 4: Support semi-static and joint/implicit configuration of the TRS/DMRS pattern.
	Note: additional DMRS is still dynamic with respect to the end of PDSCH.
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Figure 5: Agreed DMRS patterns for 1+1
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Figure 6: Agreed DMRS patterns for 1+1+1
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Figure 7: Agreed DMRS patterns for 1+1+1+1
TRS with DRX
So far discussion has been focusing on the mode without DRX. It is important to consider DRX case both for Idle and Connected mode since typically UE is operating with DRX for both Idle and Connected mode. The TRS transmission occasion relative to the DRX cycle needs to be carefully considered. If no special restriction is applied, TRS may be transmitted during DRX off state where UE is not required to wake up, in other words, TRS may not be aligned with Connected-DRX (CDRX) on-duration or SSB may not be aligned with paging occasion in Idle-DRX (IDRX). Considering the overhead, it is beneficial to have shared TRS (or even cell-specific (beam-specific) TRS) instead of UE-specific TRS from network perspective. In order to multiplex many UEs with CDRX or IDRX, DRX cycles may not be aligned for all the UEs in the cell. It can be tricky to align the TRS with CDRX on-duration or IDRX paging occasion for all the UEs to maximize the capacity. If UE is required to monitor TRS outside CDRX on-duration in connected mode or to monitor SSB outside paging occasion in Idle mode as illustrated in Figure 8, it is apparent that there will be significant additional power consumption. 

 
(a) Paging in Idle mode


(b) CDRX monitoring
Figure 8: SSB-based tracking in Idle and TRS-based tracking in Connected
For Idle mode, if UE needs to wake up once more before every paging occasion, Idle mode power consumption will roughly be doubled which affects UE stand-by time significantly. Similarly UE power consumption in CDRX will increase accordingly. Therefore, we consider aperiodic TRS before IDRX cycles to have similar Idle mode power consumption, and CDRX cycles for fast and spectrally efficient data transmission when the grant will be issued for that CDRX cycle. Otherwise, UE performance in the beginning of CDRX may be compromised. Therefore, the following is proposed.
Proposal 5: Support aperiodic TRS before CDRX on-duration. The offset between aperiodic TRS and CDRX on-duration is UE specifically configured.
Once aperiodic TRS is transmitted just before CDRX on-duration, there is no need to keep periodic TRS during CDRX off. Therefore, NW can also achieve power saving and reduce the overhead. UE can assume that NW transmits periodic TRS only during Active Time in CDRX. It should be also noted that NW may not need to transmit aperiodic TRS for every CDRX cycle. NW can transmit TRS only for the CDRX cycle when UE is expected to receive the grant. In overall, significant overhead reduction can be achieved with this proposal since TRS becomes on-demand with CDRX. CDRX operation with aperiodic and periodic TRS is illustrated in Figure 9.
Proposal 6: UE assumes periodic TRS may not be transmitted during CDRX off state.
Proposal 7: UE assumes aperiodic TRS is transmitted before CDRX on-duration only when UE is expected to be scheduled.


Figure 9: CDRX with Aperiodic/Periodic TRS

Similar to CDRX, aperiodic TRS is also proposed for Idle mode.
Proposal 8: Support aperiodic TRS before IDRX paging occasion. FFS details on TRS configuration for Idle.
Proposal 9: UE assumes aperiodic TRS is transmitted before Idle paging occasion only when UE is expected to be paged.
One issue is how to rate match around the aperiodic TRS for the scheduled UEs when aperiodic TRS is transmitted. There can be different options but we can adopt a similar way as in aperiodic CSI-RS indication for rate matching purpose. In other words, DCI containing DL grant can indicate the presence of aperiodic TRS for the scheduled UE.
Proposal 10: When aperiodic TRS is transmitted, the DCI containing a DL grant indicates the presence of aperiodic TRS for the scheduled UE.
TRS in mmW
It has not been concluded that whether current agreement on TRS is applicable for mmW. In order to provide unified UE implementation and robust operation for mmW, it is proposed to have the same TRS framework for mmW as in sub6.
Proposal 11: Adopt the same TRS framework for sub6 and mmW.
Conclusions 
This contribution has discussed some open issues in TRS. The following observation and proposals have been made:
Proposal 1: Support 5, 10, 20, 40 and 80 ms for TRS burst periodicity.
Observation 1: 
· Small TRS BW leads to noticeable throughput loss at high spectrum efficiency when the PDSCH BW allocation is large. 
· If TRS BW is on the same scale of PDSCH allocation BW, then the PDSCH performance with TRS-based PDP estimation is close to the one with genie PDP information. 
Proposal 2: TRS BW is the same as the BW of the active BWP.
Proposal 3: Support three options 4_8, 3_7, 6_10 (start counting from 0), depending on the DMRS pattern used
1. 4_8 for all front-load, 1+1, 1+1+1 patterns
1. 3_7 for the 1+1+1+1 pattern
1. FFS: 6_10 for the 2+2 pattern
Proposal 4: Support semi-static and joint/implicit configuration of the TRS/DMRS pattern.
	Note: additional DMRS is still dynamic with respect to the end of PDSCH.
Proposal 5: Support aperiodic TRS before CDRX on-duration. The offset between aperiodic TRS and CDRX on-duration is UE specifically configured.
Proposal 6: UE assumes periodic TRS may not be transmitted during CDRX off state.
Proposal 7: UE assumes aperiodic TRS is transmitted before CDRX on-duration only when UE is expected to be scheduled.
Proposal 8: Support aperiodic TRS before IDRX paging occasion. FFS details on TRS configuration for Idle.
Proposal 9: UE assumes aperiodic TRS is transmitted before Idle paging occasion only when UE is expected to be paged.
Proposal 10: When aperiodic TRS is transmitted, the DCI containing a DL grant indicates the presence of aperiodic TRS for the scheduled UE.
Proposal 11: Adopt the same TRS framework for sub6 and mmW.
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