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1 Introduction
In this contribution, the necessity and issues about the SC-MTCH transmission reliability are discussed. And solutions are proposed based on the analysis.
In last RAN2 meeting, it's agreed there will have no feedback mechanism for SC-MTCH transmission. This contribution focuses on the multiple-transmission scheme in order to improve the UE reception reliability.
2 Discussion
2.1 Issues on the SC-MTCH transmission reliability
Issue 1. Is multiple-transmission needed?

Firstly, according to analysis from [1], the reception success ratio is pretty low under the assumption of software package size and TBS in NB-IoT and FeMTC.
Table 1. Successful ratio of software update for a UE

	
	NB-IoT
	Legacy LTE

	The size of multicast data (software update)
	200k octets

	The maximum size of UDP/IP packet
	1500 octets (for Ethernet)

	Total number of UDP/IP packets
	200k/1500=133 UDP/IP packets

	The maximum DL TBS (including 2 octets RLC header and 2 octets MAC header)
	680 bits (MCS 4~12) 

256 bits (MCS 0)
	12960 bits (using only 20PRB, LTE supports up to 110PRB)

	The number of TBs for each UDP/IP packet
	at least 19 TBs (MCS 4~12)
at least 54 TBs (MCS 0)
	1 TB with high probability

	Assumption of PDSCH BLER
	0.01
	0.01

	Successful ratio of TB transmission in PHY layer (if RAN1 improves the BLER by more reptitions)
	0.99
	0.99

	Successful ratio of UDP/IP packet transmission
	0.9919 = 0.826 (MCS 4~12)
0.9954 = 0.581 (MCS 0)
	0.991 = 0.99

	The probability for a UE to receive all multicast data
	0.826133=9*10-12(MCS 4~12)
0.581133=4.3*10-32 (MCS 0)
	0.99133 = 0.263


From table 1, the reception success probability is quite low and almost all UE needs to acquire missing data via unicast connection. But if one TB is scheduled/transmitted for more than once, e.g., three times, the success probability will be improved greatly as following [1]: 

Prob. for successful TB transmission: 1 - 0.013 = 0.999999

Prob. for successful UDP/IP packet tx (MSC 0): 0.99999954 = 0.999946

Prob. for successful UDP/IP packet tx (MSC 4-12): 0.99999919 = 0.999981

Probability for UE to receive all multicast data successfully (MSC 0):  0.9928

Probability for UE to receive all multicast data successfully (MSC 4-12):  0.9975

Secondly, some simulation results also show that multiple-transmission scheme has gain compared to a single transmission with the same total repetition numbers. For example, simulation in [3] shows “2 bundle of 128 repetitions can improved performance by 1-1.5 dB compared to “1 bundle of 256 repetitions”.
Observation 1: Multiple-transmission will improve reception success ratio greatly.

Thirdly, in last RAN2 meeting, it’s also agreed that receiving paging has higher priority than receiving SC-PTM. When a collision occurs for a UE between its PO and receiving SC-MTCH, the UE will listen to its PO first. As a consequence, a UE may miss a SC-MTCH TB. We also should notice that in every PO, there may be UE monitoring paging instead of SC-MTCH. In other words, it’s highly probably that almost all UEs can’t receive a session completely due to this reason. So, multiple-transmission provides another benefit: more than one opportunity for UE to receive a TB successfully. This benefit also improves the reception reliability of SC-MTCH.

Observation 2: Multiple-transmission provides more opportunities for UE which misses SC-MTCH reception due to P-RNTI monitoring.
Proposal 1: It’s proposed to adopt a kind of multiple-transmission scheme, in order to improve the transmission reliability of SC-MTCH.
Issue 2. Should physical layer combination from different transmission be supported?
There are two possible combinations from multiple-transmission 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 difficult for eNB because the MCS and TBS have no reason to be changed during a session.

Another issue is whether to support PDCCH combination. 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 2: It’s proposed to support physical layer combination of different transmissions for PDSCH.
Issue 3. If multiple-transmission is supported, how to distinguish which transmissions are for the same TB
If multiple-transmission is supported for SC-MTCH, one issue is how to distinguish which transmissions are for the same TB. This functionality is for two purposes. One is for UE to combine the repetitions of a TB from different transmissions. Another is for UE which already decode a TB to avoid receiving redundant transmissions of the TB unnecessarily.
Basically, there are 2 kinds of approaches: time interval based and identity based approaches.
The basic idea of time interval based approach is that eNB configures multiple-transmission period (MTP) with length/offset in time scale. A TB or a group of TBs can be scheduled for one or multiple times within a MTP. UE regards transmissions within a MTP are for the same TB or same group of TBs. A UE that has received a TB/group of TBs successfully does not need to monitor PDCCH in the rest of the MTP.  Moreover, the eNB can schedule a TB in different MTPs. The repetition pattern of those MTPs for the same TB/a group of TBs is configured by eNB. Thus UE can find the MTPs according to the repetition pattern. In this way, UE saves power because of less PDCCH monitoring.
In identity based approach, some kinds of identity will be indicated in the DCI for scheduling the TB. UE decides whether it needs to receive the PDSCH repetition of a TB only after it decodes the PDCCH DCI. Thus the number of PDCCH to be decoded depends on the multiple-transmission number of a TB. This is not UE power saving friendly.
Proposal 3: It’s proposed to use a MTP based multiple-transmission for UE to distinguish which transmissions are for the same TB/TBs.
Issue 4. MTP based multiple-transmission
This issue is about how to schedule the multiple transmissions of a TB with MTP based approach. There are basically 2 options.
Option 1: To schedule a TB continuously, i.e. one TB will not be scheduled before the transmissions of its previous TB are finished. This option requires less UE combining buffer. At anytime point, there is only one TB waiting for combining. With the MTP scheme, option 1 can be implemented in such a manner that one TB is scheduled within just one MTP for several times. UE can be indicated the schedule/transmission numbers of a TB.
Option 2: To schedule a TB in multiple discontinuous MTPs. The interval and number of those MTPs are pre-configured. This option can be seen as a MTP based repetition pattern. Figure 1 shows the example, TB n is scheduled in MTP 1/3/5. MTP 2/4/6 can be used for other TB scheduling/transmission.
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Figure 1:   MTP based repetition pattern (Option 2)
One difference between these two options is physical layer combining buffer requirements. Option 2 requires much more buffer. 
Another difference is that option 2 may provides better time diversity gain, and better for UE which misses SC-MTCH reception due to P-RNTI monitoring.
Proposal 4: It’s proposed to make a choice between option 1 and option 2.
Issue 5. Independent scheduling or group scheduling?
Whether each transmission is scheduled independently or one PDCCH DCI is used to schedule multiple transmissions for one or multiple TBs is another issue. If each transmission is scheduled independently, 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 transmissions scheduled by the PDCCH. 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.

Proposal 5: It’s preferred to have independent scheduling for each transmission for robustness and schedule flexibility.
Issue 6. If TB level interleaving is supported and how?

TB level interleaving is such a transmission scheme that subframes containing different TBs are transmitted interleaved. Following figure shows a transmission example. Four subframes containing TB 1/2/3/4 are repeated for several times within a schedule/transmission.
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Figure 2: TB level interleaving
Contribution [2] pointed out that this kind of transmission scheme can provide benefits for UE power saving. UE in good coverage needs to wake up fewer times due to this interleaving transmission scheme. In the above example, UE in good coverage wakes up just once to receive 4 TBs.
This TB level interleaving can be used with MTP based multiple-transmission for better UE power saving. 

Proposal 6: It’s proposed to adopt TB level interleaving transmission.
2.2 Solutions
Based on the above analysis and proposals, we have the following solutions.
Solution 1: Basic 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 as: 

(H-SFN * 1024 + SFN) mod L = offset, where L is the length of MTP, offset is the start offset;
During the time of a MTP, at most one TB is scheduled for multiple times. Thus UE can distinguish that the transmissions within a MTP are for the same TB. UE can combine the PDSCH repetitions from different transmissions within a MTP to improve decoding. A UE that has received a TB successfully does not need to monitor PDCCH in the rest of the MTP to save power.

Each transmission is scheduled independently, i.e. each transmission includes a number of PDCCH repetitions and a number of PDSCH repetitions.
The eNB can calculate the MTP length needed for multiple transmissions of a TB according to the TB transmission number and the repetition factor used for each transmission.
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Figure 3: illustration of solution 1
Figure 4 shows when TB level interleaving is supported, how solution 1 works. When TB level interleaving is supported, a number of TBs are scheduled as a group. In the following figure 4, every 4 consecutive TBs are interleaved at TB level. These 4 TBs are repeated for a number of times within a schedule/transmission. The number of such group for scheduling can be indicated in the PDCCH DCI or SC-MCCH, depends on the requirement for flexibility. Thus UE can distinguish the TBs in a group by counting subframes.
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Figure 4: illustration of solution 1 with TB level interleaving

Solution 2: MTP based multiple-transmission with repetition pattern
This solution differs from solution 1 for introducing a MTP level repetition. As showed in Figure 5. 

A same TB or a group TBs are scheduled in multiple MTPs. The eNB configures the number and the interval between these MTPs. In the figure, the number of MTP for transmission a same TB is 2, and the interval of neighbouring MTPs is 2 MTP long. 

This solution enables MTP level interleaving, which can provide better time diversity gain and more opportunities for UE that may miss a MTP/transmission of a TB due to P-RNTI monitoring.
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Figure 5: illustration of solution 2
Similar to solution 1, solution 2 can support TB level interleaving too. Figure 6 shows how it works along with TB level interleaving.
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Figure 6: illustration of solution 2 with TB level interleaving
Proposal 7: It’s proposed to consider the solutions illustrated above and choose a solution for SC-MTCH transmission.
3 Conclusions

Based on the analysis, we have the following observations and proposals:
Observation 1: Multiple-transmission will improve reception success ratio greatly.
Observation 2: Multiple-transmission provides more opportunities for UE which misses SC-MTCH reception due to P-RNTI monitoring.

Proposal 1: It’s proposed to adopt a kind of multiple-transmission scheme, in order to improve the transmission reliability of SC-MTCH.
Proposal 2: It’s proposed to support physical layer combination of different transmissions for PDSCH.
Proposal 3: It’s proposed to use a MTP based multiple-transmission for UE to distinguish which transmissions are for the same TB/TBs.
Proposal 4: It’s proposed to make a choice between option 1 and option 2.

Proposal 5: It’s preferred to have independent scheduling for each transmission for robustness and schedule flexibility.

Proposal 6: It’s proposed to adopt TB level interleaving transmission.

Proposal 7: It’s proposed to consider the solutions illustrated above and choose a solution for SC-MTCH transmission.
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