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1 Introduction

In the email discussion on SC-PTM transmission reliability after last RAN2 meeting, almost all companies agree the SC-MTCH transmission reliability is a critical issue for NB-IoT and eMTC. And the majority of companies agree that multiple transmissions with physical layer combination can be the main method to ensure reception success ratio. 

In this contribution, we first provide the discussion on the design principle of multiple transmissions scheme, and based on the discussion, detailed solutions are provided.
2 Discussion
2.1 Design principle of multiple transmission scheme
Principle 1: The scheme should facilitate physical layer combination of the multiple transmissions
There are two possible combinations in AS level. One is combination in physical layer, another is “selective combination” in RLC layer. Physical layer combination is more efficient and effective than selective combination for increasing UE reception success ratio, especially for those UEs in deep CE levels. Since the reception success ratio is critical for SC-PTM in NB-IoT and eMTC, physical layer combination should be the first choice.
To facilitate physical layer combination, a transport block should be the same among its multiple transmissions, i.e. content and MCS /TBS are kept unchanged. This is not hard for eNB because the MCS and TBS have no reason to be changed during a session.
Another issue is whether to support PDCCH combination, we think this depends on the detailed solution. Only when UE knows the start subframe and repetition number of PDCCH repetitions can UE combine the raw PDCCH signals. But if we pre-configure the start subframe of PDCCH repetition, there will be no dynamic scheduling flexibility gain.

Thus, the combination of different transmissions should only be applied for PDSCH.
Proposal 1: The scheme should support physical layer combination of different transmissions for PDSCH.
Principle 2: The scheme should limit the UE capability requirement
Since UE capability is about cost of the device, the multiple transmissions scheme should not ask for too much UE capability enhancement, especially the buffer requirement used for physical layer combination.
This principle will impact the choices of whether the multiple transmissions of a block is transmitted consecutively, or intermitted. For the choice that a TB is transmitted consecutively, the eNB should schedule all transmissions of a transport block before it schedules the next one. While for the choice of intermitted multiple transmission, a proposal is provided in last RAN1 meeting, which is called “group level repetition” [2]. Figure 1 is copied from [2] for reference.
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Figure 1: illustration of “group level repetition” from [2]

The main difference between these two kinds of transmission scheme is the requirement of UE buffer for combination. For the UE in deep coverage, it needs to combine multiple transmission of a TB to decode. If the transmission of different TBs is intermitted, there will be multiple TBs waiting to be decoded in the buffer. In the worst case, a UE needs to buffer all TBs of a session, until the last transmission is received. While for consecutive multiple transmissions, there will be only one TB waiting for combination.
Proposal 2: In order not to raise more requirements on UE capability, a transport block should be scheduled multiple times consecutively. 
Principle 3: The scheme should NOT consume UE power unnecessarily 

UE power consumption is mainly about the subframes to be received and decoded by UE. 

For the UE in good coverage, it’s possible only one transmission is needed. Thus the scheme should support UE to distinguish which transmissions are for the same TB. When UE decode a TB successfully, it can stop receiving the rest redundant transmissions, until the transmission of next TB is coming.
Proposal 3: The multiple-transmission scheme should support UE to distinguish transmissions of the same TB.
Principle 4: The scheme should NOT impact unicast scheduling/paging too much
This is about whether to have a single transmission with large repetition number, or to have multiple transmissions with smaller repetition number for each transmission. The problem to have a single transmission with large repetition number is the probability of blocking a carrier for a period of time, e.g. paging in this carrier may be blocked. 
Whether each transmission is scheduled independently or not is another choice. If each transmission is independently scheduled, more PDCCH subframes are needed, and more UE power is consumed. If multiple transmissions are scheduled by one PDCCH, UE which misses the PDCCH will have no chance to receive any transmission of this TB. And, to schedule multiple transmissions by one PDCCH also means to reserve a lot of subframes. This also reduces the flexibility gain of dynamic scheduling scheme.
Proposal 4: Multiple-transmission with independent scheduling is more preferred. 
Principle 5: cell subframe resources efficiency is the last one to be evaluated
SC-PTM is a one-to-many transmission scheme. In a cell, there are possible a huge number of UE which are interested in receiving a MBMS service via SC-PTM. The cell resource is already optimized due to the one-to-many nature of SC-PTM. On the other hand, if a number of UE fail to receive all data of a session, the cell resources used for unicast retrieve in application layer may be much more expensive.

In other words, UE power saving and guarantee of most UE receiving all data successfully should be the main criteria when evaluate a concrete multiple-transmission scheme.
2.2 Options of multiple transmission scheme
Option 1: MTP based Multiple-transmission
In this option, each TB of a MBMS session is scheduled multiple times consecutively within a period of time interval, which is called multiple-transmission period, or MTP. The length and position information of MTP are indicated to UE by SC-MCCH message. For example, the start time of a MTP can be calculated by: 

(H-SFN * 1024 + SFN) mod L = 0, where L is the length of MTP

During the time of a MTP, at most only one TB is scheduled multiple times. Thus, UE can distinguish which transmissions are for the same TB by being indicated the boundary of MTP. A UE that has received a TB successfully does not need to monitor PDCCH in the rest of the MTP, until next MTP. Thus, for those UEs in good coverage, power is saved by ignoring redundant transmissions.

Each transmission is scheduled independently, i.e. each transmission includes a number of PDCCH repetitions and a number of PDSCH repetitions. This means the subframes used for transmissions are not pre-configured.
The eNB can calculate the MTP length needed for multiple transmission of a TB, according to the TB transmission number and the repetition factor used for each transmission.
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Figure 2: illustration of option 1, MTP based multiple-transmission
Option 2: Multiple-transmission with TB identity
In this option, each TB of a MBMS session is consecutively scheduled independently multiple times. 

A short TB identifier is indicated in the DCI used for scheduling a transmission. This short TB identifier is several bits long, and circularly allocated to different TBs temporally and present in the DCI only. UE distinguishes which transmissions are for the same TB by reading and comparing the short TB identifier from DCIs for different transmissions.
When a UE receives a particular TB successfully, it needs to keep monitoring PDCCH. If the short TB identifier is the same as previous received one, it can skip the following PDSCH repetitions to save power. But comparing with option 1, more UE power is consumed because of reception of redundant PDCCH.
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Figure 3: illustration of option 2, Multiple-transmission with TB identity
Option 3: SPS-like Multiple-transmission

In this option, the scheduling of multiple PDSCH transmissions are not independent. For a particular TB, there is only one PDCCH repetition to indicate multiple PDSCH transmissions. 

A UE that successfully receives the particular TB can ignore rest transmissions to save power, and only start to monitor PDCCH for next TB transmission when the previous transmission has finished. UE can know when the TB transmission will finish according to the scheduling information indicated in PDDCH DCI for this TB.
The advantage is that there is only one PDCCH, thus both cell resources and UE power are saved. One drawback is the eNB need to pre-configure multiple transmission resources. This may reduce the eNB scheduling flexibility gain. Another drawback is that if one UE misses the PDCCH repetition, it will never have a second chance to receive this TB. In other words, this option is of less robustness compared with option 1 and 2.
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Figure 4: illustration of option 3, Multiple-transmission by SPS-like scheduling
Summary
	Options
	Option 1: MTP based multiple transmission
	Option 2: multiple transmission with TB identity
	Option 3: SPS-like multiple transmission

	Physical layer combination
	Yes
	Yes
	Yes

	UE power saving
	Good,

UE can ignore redundant PDCCH and PDSCH transmission for a TB 
	Fair,

UE needs to keep monitoring PDCCH
	Good
One PDCCH transmission schedule multiple PDSCH transmissions
This solution is better than option 1 when UE needs to receive more than one PDSCH transmissions for combination

	UE buffer size requirement for combination
	At most only one TB waiting for combination
	At most only one TB waiting for combination
	At most only one TB waiting for combination

	Scheduling flexibility gain
	Fully dynamic within the MTP
	Fully dynamic
	Pre-configured subframes for all transmissions of a TB

	PDCCH redundancy
	Yes 
Each TB transmission is scheduled independently
	Yes
Each TB transmission is scheduled independently
	NO. 
only one PDCCH transmission for a TB


Proposal 5: To choose one of solutions in 2.2 as the multi-transmission scheme for SC-PTM in NB-IoT and eMTC.
3 Conclusion and proposals

Based on the discussion of design principle of multiple-transmission scheme, we have following proposals:
Proposal 1: The scheme should support physical layer combination of different transmissions for PDSCH.
Proposal 2: In order not to raise more requirements on UE capability, a transport block should be scheduled multiple times consecutively.
Proposal 3: The multiple-transmission scheme should support UE to distinguish transmissions of the same TB.
Proposal 4: Multiple-transmission with independent scheduling is more preferred.
Proposal 5: To choose one of solutions in 2.2 as the multi-transmission scheme for SC-PTM in NB-IoT and eMTC.
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