Page 1

3GPP TSG RAN WG1 Meeting #92bis















R1-1804701
Sanya, P.R. China, April 16th – 20th, 2018

Source:
Intel Corporation

Title:
Repetitions for DL operation
Agenda item:
6.2.8.1
Document for:
Discussion and Decision

1 Introduction

Previously, ultra-reliable low latency (URLLC) services were brought up as a part of 5G use cases in order to design NR technology. Later on, URLLC was also decided to be supported by even further evolving LTE technology. The low latency part was already finalized in a framework of reduced processing latency and short TTI. However the reliability part and potential enhancement to the low latency part are going to be addressed in this study item [1].
During recent RAN#79 plenary, it was decided to focus only on a single aspect of LTE HRLLC related to introduction of PDSCH repetitions [2]. The following was agreed:
	· To support enhanced reliability focusing on 1ms latency bound in Rel-15, only the following are to be specified by June:

· PCFICH reliability: Semi-static configuration of PCFICH duration to avoid PCFICH reliability impacting the overall DL reliability (RAN2 led)

· Blind/HARQ-less repetition for scheduled DL-SCH operation (RAN1 led)

· Finalise details of RAN1 agreement to support blind/HARQ-less PDSCH repetition.

· Using legacy (S/E)PDCCH, (S)PUCCH formats (if applicable); any discussion of potential DCI modifications is limited to support of blind/HARQ-less repetition

· All four variants (as identified in RAN1#92) are valid for further discussion. 

· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)

· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)

· PDCP data duplication (RAN2)

· For the solutions above, introduce any necessary UE and base station core requirements [RAN4]

· Second priority (best effort only): Provision of sufficiently granular time reference value to a UE (RAN2) 

· Any possible Rel-16 work is to be discussed in the context of overall Rel-16 work planning. 


The RAN plenary agreement refers to the variants of PDSCH repetitions agreed last time, where it is assumed that the existing control channel formats are reused for this operation unless any need is identified to change DCI formats. The variants of PDSCH repetitions were agreed at the last RAN1#92 meeting:
	· The work item supports blind/HARQ-less repetition for PDSCH in different TTIs.

· FFS: Details among the four identified variants and including UE capability

· Blind/HARQ-less PDSCH repetition in different TTIs

· Consider the following variants

· Variant 1: dynamic indication of the PDSCH repetition factor in DCI

· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC

· Variant 3: independent PDSCH assignment for each PDSCH transmission

· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PDSCH repetition can be combined with TTI level FH.


In this contribution the above variants are discussed in more details in terms of performance, specification impact, and UE complexity implications.
2 PDSCH Repetitions

First of all, it should be noted that there are two essentially different classes of variants in terms of UE implementation and potential performance:

· Class 1 – Explicit repetition factor configuration: variants 1, 2, and 4

· Class 2 – Repetition exploiting asynchronous HARQ by separate DL assignments: variant 3.
The pros and cons of these two groups of variants are summarized in the table below:

Table 1. Comparison of repetition variant classes.

	
	Pros
	Cons

	Class 1
	· In terms of UE implementation, similar behaviour for PDSCH processing can be maintained.

· If the reliability of SPDCCH is not a bottleneck, SPDSCH reliability has higher reliability due to no chance to lose one of the repetition assignments as in the Class 2. Additionally, the SPDSCH may be configured to fill the resources for SPDCCH during the transmission effectively providing more resources and better redundancy for the shared channel.
· Better resource utilization especially in control region that leads to less blockage issue in control resources.
	· If SPDCCH is a bottleneck, the overall performance is bounded by SDPCCH reliability regardless of the number of available repetitions since there is single DL assignment in charge of SPDSCH scheduling.
· Depending on the variant, there is in general less flexibility in terms of effective SPDSCH duration comparing to the Class 2 while the Class 2 has a built-in flexibility in terms of number of SPDSCH repetitions.

	Class 2
	· Very limited specification impact is envisioned for this option since no change in L1 signalling and procedures is required.

· If SPDCCH is a bottleneck, the overall chance to deliver SPDSCH is higher than for Class 1 since there are multiple attempts to receive SPDCCH which may experience different channel, interference, and blockage.
	· It is uncertain whether typical UE implementation can easily support such operation. Typical UE implementation assumes a predefined time is available to process one TTI and store soft bits in case of failure. The pipelining architecture does this for several HARQ processes in parallel. The proposed procedure may have in this case a read-write dependency in soft buffer assuming sTTI ‘n’ needs to wait for soft bits of sTTI ‘n-1’ to be processed.

· This class has substantially higher DL control channel overhead since each repetition is scheduled separately. That leads to higher blockage probability and control resource utilization


Further, the two above classes are evaluated in terms of residual SPDSCH BLER performance in a joint SPDCCH + SPDSCH modeling, where the correlated errors are taken into account. The following key evaluation assumptions are used:

· 10 MHz system bandwidth

· Transmission mode 2, i.e. CRS-based, 2 TX antenna, 2 RX antenna
· TDL-C, 300 ns, 3 km/h, @700 MHz

· SPDCCH:

· 50 PRB, 1 symbol in every STTI
· SPDCCH format 3, AL = 8

· Distributed

· 30 bit payload + 16 bit CRC

· SPDSCH

· 50 PRB, 1 or 2 symbols depending on STTI index

· MCS#0

· RV#0 for each repetition

· Repetition options

· Class 1: 4 sub-slot sTTI repetition is scheduled by singe DCI

· Class 2: 4 consecutive attempts to schedule sTTI by separate DCI

The results are presented in Figure 1 below.
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Figure 1. BLER vs SNR for SPDCSH, joint SPDCCH and SPDSCH modelling.
Observation 1
· It is observed that under the given assumptions, there is no significant performance difference between the two considered classes of PDSCH repetitions, however the explicit configuration of the repetition factor performs a bit better.

· It is observed, that under the given assumptions, SPDCCH performance itself is a bottleneck in extracting SPDSCH repetition gains in both considered schemes and it does not reach target of -2.6 dB DL SINR.
Considering the evaluation results and the analysis in Table 1, it can be concluded that UE implementation friendly solution should be adopted assuming there is no obvious performance difference between the schemes. In our view, Class 1 variant should be prioritized for further specification.
From the available variants of Class 1, the most specification and UE implementation friendly is the variant 2 which employs semi-static configuration of a repetition factor. Although this option lacks of dynamic flexibility in terms of effective transmission durations, it is sufficient in most of the cases, since the number of repetitions is likely subject to UE large scale channel conditions. Moreover, this option does not require changes in DCI formats design to introduce dynamic indication of the repetitions. In the same time the options with dynamically configurable repetition factor are attractive in terms of scheduling flexibility, however require introduction of new DCI formats or re-interpretation of the existing DCI formats. Overall, considering the evaluation results and the analysis, it is proposed to adopt variant 2 as a scheme of PDSCH repetitions.
Proposal 1

· Variant 2, i.e. PDSCH repetitions based on repetition factor configured by RRC, is supported in a framework of LTE HRLLC.
3 Conclusions

In this contribution, we discussed PDSCH repetition option for LTE HRLLC. Based on the analysis the following is proposed:
Observation 1

· It is observed that under the given assumptions, there is no significant performance difference between the two considered classes of PDSCH repetitions, however the explicit configuration of the repetition factor performs a bit better.

· It is observed, that under the given assumptions, SPDCCH performance itself is a bottleneck in extracting SPDSCH repetition gains in both considered schemes and it does not reach target of -2.6 dB DL SINR.
Proposal 1

· Variant 2, i.e. PDSCH repetitions based on repetition factor configured by RRC, is supported in a framework of LTE HRLLC.
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