
3GPP TSG RAN WG1 #97


R1-1906167
Reno, USA, May 13th – 17th, 2019

Source:
vivo

Title:
Performance evaluation and observations for single-DCI-based URLLC transmission schemes
Agenda Item:
7.2.8.5
Document for:
Discussion and Decision
1. Introductions
In RAN #82 meeting, revised Rel-16 NR MIMO working item [1] was approved. For URLLC PDSCH transmission, the following schemes are identified:
Agreement

For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

· For further study:

· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.

· Whether to support mini-slot PDSCH repetitions 

· Signalling mechanism 

· Companies to consider how the schemes apply for FR1 and FR2

· Whether the number of repetitions can be larger than the number of TCI states (n)

· Further clarification for each scheme can be elaborated in RAN1 96 

· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations

· SFN transmission based on Rel-15 from multi-TRP with single TCI state

· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs

· Note that supporting multiple schemes in Rel-16 is not excluded.  

· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

In last meeting, further simulations are encouraged:

Agreement

For multi-TRP based URLLC, scheduled by single DCI, 

· Support scheme 1a as agreed in email discussion [96-NR-09]

· FFS: Whether additional specification impact is necessary for URLLC

· On the support of schemes 2a, 2b

· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none

· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results

· Specification impact, and UE complexity need to be considered as well.

· Companies are encouraged to provide simulation results for LLS using at least the following parameters

· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 

· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)

In this paper, we provide some evaluation results to facilitate down-selection.
2. Simulation target
The following simulation assumptions are agreed during email discussion:

· The number of PRBs: 8, 40
· Target coding rates:  

· MCS6~=0.12, MCS12~=0.44 in MCS Table 5.1.3.1-3

· Above target coding rate is for scheme 2a for layer 1 transmission. 

· Each CW in scheme 2b have twice the target coding rate.

· Number of Tx/Rx ports: 

· To be reported by proponent company

· The number of layers: 

· 1 or 2 layers

· To compare one-layer versus two-layer transmissions, the code rate of rank 2 transmission is half of that of rank 1 transmission. 

· LLS models: 

· Details of CDL or TDL models are reported by proponent company, e.g. the angle generation mechanism if using CDL model 

· DMRS configuration: 

· single symbol front loaded Type 1 DMRS without additional DMRS,3 dB power boosting, and the number of PDSCH symbols is reported by proponent company

· UE speed: 

· 3km/h

· Inter-TRP frequency(time) offsets:

· 0 Hz. If phase offset variation is assumed among M-TRP, details of modelling mechanism for phase offset are reported by proponent company. 

· Baseline scheme: 

· Details of the baseline scheme (e.g. SFN with CDD, precoder cycling, etc.) are reported by proponent company. 

The simulation in this paper falls within the following categories:
· Comparison between SFN with CDD v.s. other schemes:

· There were comments regarding the following issues in previous meeting:

· Delay spread estimate may influence the performance of SFN with CDD

· Different filters and spread combinations

· Random phase offset may influence the performance of SFN with CDD

· Other baseline schemes may also include precoders cycling
· 1 layer simulation results v.s. 2 layer simulation results

· Other influencing factors:

· Coding rate: MCS6 and MCS 12
· Number of RBs: 8/40
· Different channel models:
· TDL: low correlation TDL channel models;

· CDL: The angles of AOD, ZOD, AOA, ZOA are generated by a fixed random seed in one frame(10ms) to keep channel continuity, but the seed is changed one frame by one frame to keep angles uniformly distributed;
· Number of antennas: 4Tx/2Tx per TRP,  4Rx/2Rx;

3. Comparison of different schemes and different layers
3.1 CDL-C （4Tx，4Rx）MCS6 (code rate =0.12)
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3.2 CDL-C （4Tx，4Rx）MCS12
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3.3 TDL-A （2Tx，2Rx）MCS6 (code rate =0.12)
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3.4 TDL-A （2Tx，2Rx）MCS12 (code rate =0.44)
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3.5 Impact of phase offset
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3.6 Impact of channel estimation filters
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3.7 Impact of larger delay spread 
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Observation：The baseline scheme (SFN+CDD) performs similar as or better than Scheme 2a and 2b.
4. Conclusion

In this contribution, we have the following proposals for multi-TRP based transmission schemes.

Observation：The baseline scheme (SFN+CDD) performs similar as or better than Scheme 2a and 2b under all simulation conditions.
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