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Introduction
During the last RAN2-100 meeting for URLLC, it reached agreements as below:

1
Transport block repetition is supported for ultra-high reliability within the latency bound.

In this contribution, we will discuss several transport block repetition techniques and give our considerations.
Discussion
2.1 Dynamic scheduling 

The current specification can support the case that eNB allocates resources on PDSCH/PUSCH consecutively in time to the same UE for the same HARQ process by a consecutive DL-grant/UL-grant. Specifically, if the NDI field in the DL-grant /UL-grant is not toggled, the UE should interpret it as a retransmission of the same transport block. Therefore, for DL transmission and UL transmission, the repetition can be done by dynamic scheduling. 

In pre-R13 specification, TTI bundling is introduced where UE sends four copies of one transport block with a fixed RV pattern. In Rel-13, multi-subframe repetition is introduced as coverage-extension feature to support MTC, which can be regarded as an enhanced TTI bundling. The number of repetitions for a certain data transmission is indicated via a combination of semi-static configuration by RRC and dynamic indication by DCI format-6. Specifically, the higher layers indicate the maximum number of repetition according to pdsch-maxNumRepetitionCEmodeA-r13 and pdsch-maxNumRepetitionCEmodeB-r13 [1] which relates to UE coverage enhancement mode. Different maximum numbers of repetitions correspond to different sets of candidate number of repetition [2]. Then the UE can perform a corresponding PUSCH transmission for x times where x is indicated by repetition number field in the corresponding DCI format 6-0A/6-0B.
	PDSCH-Config information element

PDSCH-ConfigCommon-v1310 ::=
SEQUENCE {


pdsch-maxNumRepetitionCEmodeA-r13
ENUMERATED { 












r16, r32 }




OPTIONAL,
-- Need OR


pdsch-maxNumRepetitionCEmodeB-r13
ENUMERATED {












r192, r256, r384, r512, r768, r1024, 












r1536, r2048}




OPTIONAL
-- Need OR

}

PUSCH-Config information element

PUSCH-ConfigCommon-v1310 ::=
SEQUENCE {


pusch-maxNumRepetitionCEmodeA-r13
ENUMERATED { 












r8, r16, r32 }




OPTIONAL,
-- Need OR


pusch-maxNumRepetitionCEmodeB-r13
ENUMERATED {












r192, r256, r384, r512, r768, r1024, 












r1536, r2048}




OPTIONAL,
-- Need OR


pusch-HoppingOffset-v1310










INTEGER (1..maxAvailNarrowBands-r13)
OPTIONAL
-- Need OR

}

pusch-maxNumRepetitionCEmodeA

Maximum value to indicate the set of PUSCH repetition numbers for CE mode A, see TS 36.211 [21] and TS 36.213 [23]. E-UTRAN does not configure value r8. If the field is not configured, the UE shall apply the default value as defined in TS 36.213 [23, 8.0].

pusch-maxNumRepetitionCEmodeB 

Maximum value to indicate the set of PUSCH repetition numbers for CE mode B, see TS 36.211 [21] and TS 36.213 [23].


Therefore, transport block repetition can be supported by dynamic scheduling with/without TTI bundling in current LTE specification. 
Observation 1: Transport block repetition can be supported by dynamic scheduling with/without TTI bundling in current LTE specification. 
2.2 Configured Scheduling
According to NR specification [3], the gNB can allocate CS(Configured Scheduling) resources for the initial HARQ transmissions with two possible schemes:

-
Type 1: with uplink Type 1 CS resources, RRC defines the grant and no PDCCH is needed.

-
Type 2: with uplink Type 2 CS resources, RRC defines the periodicity of the CS grant and PDCCH addressed to CS-RNTI activates the CS resources i.e. it indicates that the downlink grant is a CS one and that it can be implicitly reused according to the periodicity defined by RRC, until deactivated.

When a UE has uplink CS resources configured, the actual uplink grant according to the CS configuration may either be configured via RRC (type1) or provided via the PDCCH (addressed to SPS-RNTI) (type2). According to SPS mechanism in NR, the number of repetition K is configured in SPS-Config IE and it is agreed that the possible values of the repetition K are {1, 2, 4, 8} in RAN1- 91 meeting, which means transport block repetition based on SPS can be supported in NR. 

Observation 2: Transport block repetition can be supported for SPS in NR specification. 
Based on above analysis, TB repetition based on dynamic scheduling is supported in current LTE specification and TB repetition based on SPS is supported in NR. According to the analysis in [4], compared to SPS, there is an extra time for SR/UL-grant step for dynamic scheduling, so the delay requirement cannot be met with dynamic scheduling. It is natural to consider that TB repetition based on SPS be introduced in LTE and the simplest way is to follow the NR mechanism such that the number of repetition K is configured in SPS-Config in LTE. 

Proposal 1: It is suggested that TB repetition based on SPS be introduced in LTE and the simplest way is to follow the NR mechanism such that the number of repetition K is configured in SPS-Config in LTE. 

Furthermore, since the number of repetitions for URLLC data might be different for different latency-reliability requirements and channel conditions, a variable repetition times for SPS transmission scheme may be beneficial. A similar mechanism like MTC can be considered, that is, the number of repetitions is indicated via a combination of SPS-Config by RRC and dynamic indication by DCI format-x. However, it is related to RAN1 and thus up to RAN1 to decide on this issue.
Proposal 2: It is suggested to consider that the repetitions number indication via a combination of SPS-Config by RRC and dynamic indication by DCI format-x. However, it is related to RAN1 and thus up to RAN1 to decide on this issue.
Conclusion

In this paper, we discussed several transport block repetition techniques and presented our considerations. And we have the following observations and proposals:

Observation 1: Transport block repetition can be supported by dynamic scheduling with/without TTI bundling in current LTE specification. 

Observation 2: Transport block repetition can be supported for SPS in NR specification. 

Proposal 1: It is suggested that TB repetition based on SPS be introduced in LTE and the simplest way is to follow the NR mechanism such that the number of repetition K is configured in SPS-Config in LTE. 
Proposal 2: It is suggested to consider that the repetitions number indication via a combination of SPS-Config by RRC and dynamic indication by DCI format-x. However, it is related to RAN1 and thus up to RAN1 to decide on this issue.
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