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1 Introduction
In RAN2#101 meeting, the UL SPS for repetitions in time domain was discussed and the following agreement was made.
	Agreements in RAN2#101
1
A variable number of consecutive repetitions in time for SPS UL should be supported and is to be controlled by the eNB through RRC signalling.


However, how to support the consecutive repetitions in time for SPS UL has not been discussed and decided yet. Hence, in this paper, we will provide a comprehensive analysis on how to support the SPS based repetition in LTE HRLLC.
2 Discussion

2.1 Repetition number configuration
As shown above, RAN2 has agreed a variable number of consecutive repetitions for SPS UL are controlled via RRC signalling. There are two options can be considered for the configuration.
Option1:  RRC configures a number of consecutive repetitions for SPS UL per SPS configuration

Option2:  RRC configures a number of consecutive repetitions for SPS UL per MCS index

With option1, the configuration is semi-static. That means there is less flexibility to change the repetition number. The change of the repetition number causes dedicated RRC reconfiguration signalling overhead increasing. Especially in case of high mobility case, it will be more challenge to timely adjust the repetition number to meet the radio condition for the data reliability. 
Observation1: RRC configuring a number of consecutive repetitions per SPS configuration is semi-static and less flexible.

With option2, the repetition number can be associated with MCS index indicated in the DCI. As the MCS index is more dynamically indicated by DCI, the update of repetition number will be more flexible. In case the network wants to change the repetition number, the DCI used for activating SPS can be reused to change the MCS which is associated to the repetition number in advance. For example, MCS index 0 is associated to the repetition number 2, MCS index 1 is associated to the repetition 4. Thereafter, the flexible repetition number change can be achieved.

Observation2: RRC configuring a number of consecutive repetitions per MCS index is dynamic and flexible.

Then the problem is how to associate the MCS index with the repetition number. As agreed in RAN2 above, the RRC signalling can be used to configure the repetition numbers associated with corresponding MCS indexes. 
Proposal1: RRC signalling can be used to configure the repetition numbers associated with corresponding MCS indexes for SPS UL.
2.2 Identification of transmissions corresponding to the same TB
When sPUSCH with repetition is configured, how to identify the transmissions corresponding to the same TB should be considered. Furthermore, since it was agreed in RAN1 that a UE can start the initial transmission of a TB at any (s)TTI, eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB. One example is depicted in Figure 1 and the wrong combining would occur due to the ambiguity between the initial transmission and repetition if TB1 in sTTI0 is missed. 
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Figure 1. Wrong combining due to ambiguity between the initial transmission and repetition

To overcome the ambiguity issue, different frequency resources allocated to the initial transmission and repetition is one option. However, it will degrade the multiplexing capability with legacy or non-URLLC UEs as two frequency resources need to be reserved assuming 2 repetitions. Different DMRS configurations to distinguish the initial transmission from the repetition transmission is an effective option, especially when the maximum allowable number of repetition is 2, in which case only two DMRS resources per UE are needed wherein one DMRS is for the initial transmission and another DMRS is for the repetition. 

Proposal 2: the UE is configured via RRC signalling with different DMRS configurations to distinguish the initial transmission from the repetition transmission for UL SPS.

2.3 RV indication
Since the maximum repetition number is 2, at most two values for RV are sufficient. Based on the RV patterns defined in NR, two patterns {0, 0} or {0, 3} can be used for LTE and up to eNB configuration. Similar to NR, the nth transmission occasion among 2 repetitions, n=1, 2, is associated with (mod(n-1,2)+1)th value in the configured RV sequence. 

However, what the different from NR is that LTE allows initial transmission of a TB to happen at any sTTI and strives for a guaranteed number of repetition. Therefore, UE may start transmission with a RV 3 and repeat the TB with RV0 in the case of the RV pattern of {0, 3}. Given an eNB can distinguish the initial transmission from the repetition transmission for one TB by DMRS as discussed in section 2.2, eNB knows how to combine the initial transmission with RV3 from its repetition transmission with RV0. 

Proposal 3: RV sequence of {0, 0} or {0, 3} is configured by RRC signalling for UL SPS with repetition transmission.

In all, a corresponding draft CR [2] is provided to show our solution.
3 Conclusion

In this paper, we discuss the SPS based repetition further. We observed and proposed:
Observation1: RRC configuring a number of consecutive repetitions per SPS configuration is semi-static and less flexibility.

Observation2: RRC configuring a number of consecutive repetitions per MCS index is dynamic and flexible.

Proposal: RRC signalling can be used to configure the repetition numbers associated with different MCS indexes for SPS UL.

Proposal 2: UE is configured via RRC signalling with different DMRS configurations to distinguish the initial transmission from the repetition transmission for UL SPS.

Proposal 3: RV sequence of {0, 0} or {0, 3} is configured by RRC signalling for UL SPS with repetition transmission.
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