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Introduction
[bookmark: _GoBack]In RAN2#100, the following was agreed:  
	1. Transport block repetition is supported for ultra high-reliability within the latency bound.


In this paper, we discuss technical details to support transport block repetition. 
[bookmark: _Ref178064866]Discussion
Repetition framework
The current specification does not preclude the case that eNB transmits consecutively in time on PDCCH for DL-assignment and on PDSCH for DL-data for the same HARQ process. The same applies for a consecutive UL-grant in time for the same HARQ process. More specifically, if the NDI field in the DL-assignment/UL-grant is not-toggled, then the UE should interpret as a retransmission of the same transport block. Therefore, it seems that for DL transmission and dynamically scheduled UL transmission, the repetition can be done by network implementation. See the following figure as an example. 


Figure 1 consecutive DL assignments to enable TB repetition
In MAC specification 36.321, the parameter HARQ RTT Timer specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity. A similar parameter UL HARQ RTT Timer applies for UL case. However, both timers are only used when DRX is configured, and there is nothing in the specification saying that transmissions of the same HARQ process is precluded in consecutive subframes when DRX is not configured. 
[bookmark: _Toc498414876][bookmark: _Toc498447698][bookmark: _Toc498447722][bookmark: _Toc498414846][bookmark: _Toc498414877][bookmark: _Toc498447699][bookmark: _Toc498447723][bookmark: _Toc498538369][bookmark: _Toc506455234]RAN2 to confirm and clarify in MAC that: when DRX is not configured, consecutive repetitions in time for DL and dynamically scheduled UL TB transmission can be supported by network implementation, i.e., network transmits consecutively in time DL-assignment/UL-grant for the same HARQ process with NDI not-toggled.

[bookmark: _Toc492481979][bookmark: _Toc492483220][bookmark: _Toc492483472][bookmark: _Toc492483729][bookmark: _Toc492987553][bookmark: _Toc492987557][bookmark: _Toc492994510][bookmark: _Toc492999884]For SPS UL, specification work is needed, but the concept of repetition has been proposed previously.  In pre rel-13, transport block repetition is supported by TTI bundling. In TTI-bundling, a UE sends four copies of one transport block with a fixed RV pattern. Each additional copy is treated as one non-adaptive retransmission, that is, the same MAC procedure to produce a non-adaptive retransmission is reused.  In rel-13, multi-subframe repetition is introduced as coverage-extension feature to support MTC devices with higher coupling loss. The repetitions take places by default in consecutive subframes (i.e., it does not introduce excessive additional latency as in HARQ-based retransmissions) and can have inter-subframe frequency hopping.  The number of repetitions to use for a certain data transmission is a combination of semi-static configuration by RRC and dynamic selection on a per-transmission basis by DCI format-6. 
Although the initial motivation for TTI bundling/multi-subframe repetition is to improve coverage, a similar framework can be re-used to achieve URLLC BLER targets while minimizing specification workload. 
A variable repetition-based transmission scheme to support transmission of URLLC data is seen to be beneficial, since the number of needed repetitions for URLLC data might be different for different latency-reliability requirements and channel conditions.  
[bookmark: _Toc493860959][bookmark: _Toc493860960][bookmark: _Toc493863308][bookmark: _Toc493864171][bookmark: _Toc494116378][bookmark: _Toc494118129][bookmark: _Toc494118346][bookmark: _Toc494383577][bookmark: _Toc494383586][bookmark: _Toc494383589][bookmark: _Toc494383596][bookmark: _Toc494383601][bookmark: _Toc494385797][bookmark: _Toc494385800][bookmark: _Toc494385803][bookmark: _Toc494385806][bookmark: _Toc494385809][bookmark: _Toc506455235][bookmark: _Toc493573872][bookmark: _Toc493689915][bookmark: _Toc493689939][bookmark: _Toc493690159][bookmark: _Toc493692032][bookmark: _Toc493692734][bookmark: _Toc493693846][bookmark: _Toc493833801][bookmark: _Toc493833824][bookmark: _Toc493835343][bookmark: _Toc493835938][bookmark: _Toc493835976][bookmark: _Toc494276448][bookmark: _Toc494276452][bookmark: _Toc494276456][bookmark: _Toc494276982][bookmark: _Toc494276988][bookmark: _Toc494297966][bookmark: _Toc494298738][bookmark: _Toc494303135][bookmark: _Toc494303185][bookmark: _Toc494303189][bookmark: _Toc494373581][bookmark: _Toc494373588][bookmark: _Toc494373599][bookmark: _Toc494373608][bookmark: _Toc492477013][bookmark: _Toc493495313][bookmark: _Toc493495658][bookmark: _Toc493495666][bookmark: _Toc494385764]A variable number of consecutive repetitions in time for SPS UL should be supported and is to be controlled by the eNB. 

The number of repetitions is determined by reliability and latency budget considerations applicable for URLLC service and may occasionally need to be adjusted due to changes in path loss. Thus, we do not see a clear benefit to dynamically adjust (i.e. using L1 signaling) the number of repetitions using DCI.  Furthermore, support for a new DCI format, like DCI format-6, will need to be introduced in RAN1 if dynamic adjustments are to be supported. For the moment, RAN2 sees at least that the number of repetitions can be configured by RRC (e.g. 2, 4 or 6 for subslot sTTI).
[bookmark: _Toc506455236]The number of repetitions for SPS UL can be configured by RRC. 
SPS configuration for repetition
One benefit of repetition scheme is that it can achieve a lower latency since it has a smaller alignment delay (i.e. delay from arrival of the data until it is transmitted). Thus, we should support a configuration where the UE is able to start transmitting a TB in any TTI. In addition, if the eNB configures K repetitions, it means that K repetitions are desired from the reliability aspect. Thus, the UL SPS repetition scheme should also guarantee that K repetitions are performed. In conclusion, we should support a configuration where the UE is able to start transmitting a TB in any TTI and guarantee the configured number of repetitions. See the following figure for an example. 


Figure 2 repetition configuration example
[bookmark: _Toc505679439][bookmark: _Toc505773607][bookmark: _Toc505773695][bookmark: _Toc505958006][bookmark: _Toc506215818][bookmark: _Toc506455237]Support a UL SPS configuration where UE can start transmitting a TB in any TTI and transmitting it a configured number of repetitions. 

Conclusion
In section 2 we propose the following:
Proposal 1	RAN2 to confirm and clarify in MAC that: when DRX is not configured, consecutive repetitions in time for DL and dynamically scheduled UL TB transmission can be supported by network implementation, i.e., network transmits consecutively in time DL-assignment/UL-grant for the same HARQ process with NDI not-toggled.
Proposal 2	A variable number of consecutive repetitions in time for SPS UL should be supported and is to be controlled by the eNB.
Proposal 3	The number of repetitions for SPS UL can be configured by RRC.
Proposal 4	Support a UL SPS configuration where UE can start transmitting a TB in any TTI and transmitting it a configured number of repetitions.
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