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[bookmark: OLE_LINK23]Introduction
[bookmark: OLE_LINK42]Some remaining issues about early termination have not been decided yet. Especially for explicit feedback, it has been discussed for 3 meetings. In this document, the explicit feedback and implicit feedback for early termination are discussed.
Remaining issues on early termination for MTB
 TPC command for MTB
According to the current spec description about the TPC command, the TPC command is applied for single PUSCH, instead of multiple PUSCH transmissions. However, the following agreement about TPC is made for MTB, and TPC command shall be applied for all the TBs. Therefore, it is the fact that the RAN1 agreement is not captured in the current spec.
Agreement [36.212]
For the UL unicast, when multiple TBs are scheduled by one DCI, the following parameter values are the same across all the TBs:
· Frequency-hopping flag, TPC command
· FFS: MCS, RV, Resource assignment, Repetition number, Downlink assignment index (TDD-specific)
However, the current spec does not make an adjustment for the TPC command in MTB scheduling.
Observation 1: The current spec’s description about TPC command is not aligned with the agreement for MTB.
Accordingly, the TPC command for MTB shall be changed as follows:
<Unchanged parts are omitted>
For a BL/CE UE configured with CEModeA, if the PUSCH transmission(s), scheduled by one DCI, is transmitted in more than one subframe i0, i1, …, iN-1 where i0< i1< …< iN-1, the PUSCH transmit power in subframe ik , k=0, 1, …, N-1, is determined by


For a BL/CE UE configured with CEModeB, the PUSCH transmit power in subframe ik is determined by 


<Unchanged parts are omitted>
<TP 1, TS 36.213, 5.1.1.1 > 
Proposal 1: The specification needs to capture the agreement about TPC command for MTB as shown in TP1.
 Explicit feedback for early termination
The benefits of individual feedback of explicit feedback for early termination were discussed in last meeting as described in [1]. The explicit feedback was supported in RAN1 #99 meeting. However, whether to support individual TB or all TB feedback has not been decided. 
One question regarding individual TB feedback is that some gaps will be introduced by individual feedback and UE behavior needs to be defined accordingly. First of all this is nothing new and these gaps are similar to the gap subframes between PUSCH transmissions in SPS scheduling, and they are also similar to the reserved subframes configured by legacy early termination. In fact, if transmission are scheduled in these gaps, UE behaviors can follow what is already defined in the specification. 
SRS, PUCCH, and shorter PUSCH can be transmitted in the valid subframes. Same as the operation on valid subframes, SRS, PUCCH, and shorter PUSCH can be transmitted in the gap without any spec modification. The scheduler knows if the gap subframes resource are enough for the transmission and will schedule accordingly.  
Observation 2: UE behavior for SRS, PUCCH, or shorter PUSCH transmission on the valid subframes in the gap introduced by early termination follows the current specification.
Regarding the issue of UCI MUX/dropping, the following is the related description in the specification:
	For a BL/CE UE, in case of collision between a UCI and a PUSCH transmission in a same subframe, if the number of PUCCH repetitions defined for the UCI in [3] is larger than 1 or if the indicated PUSCH repetition number in DCI format 6-0A/6-0B is larger than 1 or if the PUSCH resource assignment is using uplink resource allocation type 5, the PUSCH transmission is dropped in that subframe. 


It is the understanding that the collision mechanism between a UCI and a PUSCH transmission can be reused for MTB. The scheduler knows if there will be any collision or not, and will schedule accordingly.
The legacy timing advance adjustment can also be reused for MTB. The corresponding spec is shown as following
	For a BL/CE UE, for a timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing shall apply for the uplink PUCCH/PUSCH/SRS transmissions in subframe n+6. When the BL/CE UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on the same narrowband and are overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and is not required to transmit in subframe n+1 until the first available symbol that has no overlapping portion with subframe n. When the BL/CE UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on different narrowbands, and the timing adjustment occurs in the guard period for narrowband retuning, the UE is not required to transmit in subframe n+1 until the first available symbol that has no overlapping portion with subframe n and which does not reduce the guard period.


For UE behavior regarding TPC command, it can also follow the current specification. As has been discussed in section 2.1, for TPC command in the scheduling DCI of MTB should be applied to all the TB. The scheduler is fully aware the situation and will schedule accordingly.
Observation 3: UE behavior for UCI MUX/dropping, TA and TPC command for transmission on the valid gap subframes introduced by early termination follows the current specification.
It should also be noted the above issues are for the case that gaps are used to schedule the same UE. Also, the eNB scheduler will most likely use the uplink subframes in the gap for other UEs and for transmissions without any complication. Therefore, the gap subframes would not be wasted.
Compared with full TBs feedback, individual feedback has the advantage of power saving, which is the main purpose of early termination, and the detailed analysis can be referred to [1].  
Proposal 2: For explicit feedback, individual feedback should be selected  
Lots of DCI bits can be used, when early termination is triggered. For simplicity, bitmap method below can be used for individual feedback to indicate which TB is terminated or not. The text proposal can be shown as following

<Unchanged parts are omitted>
If multi-TB-UL-config is not enabled and the Resource block assignment in format 6-0A is set to all ones, or multi-TB-UL-config is enabled and the 6 MSB bits of the Scheduling TBs for Unicast Field are set to '110111', format 6-0A is used for the indication of ACK feedback,. 8 bits including the 6 LSB bits of the Scheduling TBs for Unicast Field and 2 MSB bits of Repetition number are used to indicate HARQ-ACK by bitmap, the order of the bitmap to HARQ process index mapping is such that HARQ process indices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the bitmap, value 1 indicates ACK, and value 0 indicates NACK or reserved. aAnd all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero.
<Unchanged parts are omitted>

<Unchanged parts are omitted>
If multi-TB-UL-config is not enabled and the Modulation and coding scheme in format 6-0B is 4 bits and set to all ones, or multi-TB-UL-config is enabled and the 6 MSB bits of the Scheduling TBs for Unicast Field are set to '111111', format 6-0B is used for the indication of ACK feedback,. 4 LSB bits of the Scheduling TBs for Unicast Field are used to indicate 4 HARQ-ACK by bitmap corresponding. The order of the bitmap to HARQ process index mapping is such that HARQ process indices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the bitmap, value 1 indicates ACK, and value 0 indicates NACK or reserved. Aand all the remaining bits except Flag for format 6-0B/format 6-1B differentiation and DCI subframe repetition number are set to zero. 
<Unchanged parts are omitted>
<TP 2, TS 36.212, 5.3.3.1 > 
Proposal 3: TP2 can be considered to support individual feedback for early termination
 Implicit feedback for early termination
According to the discussion, the implicit feedback includes two types: partial TBs feedback and all TBs feedback. 
All TBs feedback means all the TBs should be terminated if this type of implicit feedback is triggered. The triggering condition is that every TB scheduled by the second PDCCH is new or is transmitted with NDI toggled.
Partial TBs feedback means partial TBs can be terminated if this type of implicit feedback was applied. After terminating partial TBs, the TBs scheduled by the second PDCCH for triggering implicit feedback may include the new TBs or retransmitted TBs.  
1)  Partial feedback 
The second PDCCH scheduling for implicit feedback would be limited by the number of retransmitted TBs. More specifically, since the TBs number 3, 5, 7 are not supported for MTB, if the number of retransmitted TBs or the number of TBs scheduled by second PDCCH is equal to 3, 5, 7, the implicit feedback would be problematic. The illustration is shown in Figure 1:
[image: 捕获]
Figure 1. The scheduling limit for implicit feedback
From Figure 1, we can see that the second PDCCH would be limited by TB number the DCI supported. i.e., 3 TBs need to be retransmitted, while only 1, 2, 4, 6, 8 TBs scheduling are supported in the DCI. Therefore, two DCIs have to be used at least and it is a problem that how to use the two DCIs to complete the implicit feedback.
Observation 4: The PDCCH scheduling for implicit feedback is restricted by the number of TBs to be transmitted. 
Additionally, for the MTB scheduling cases with or without mixed scheduling, if one of those TBs scheduled in the first PDCCH is terminated, the other TBs need retransmission by the second PDCCH. It would cause resource wasting via the redundant repetition. More specifically, the repetition number is the power of 2 and it is indicated for successful PDSCH transmission. Therefore, some TBs which could have been decoded successfully by using the remaining scheduled repetition will have to go through the second transmission due to implicit feedback. The total PDSCH repetition indicated by the first PDCCH and the second PDCCH not only introduce additional PDSCH repetition but also increase the transmission time, i.e., TB1 in Figure 2 from which TB1 actually transmit with 22 repetitions, which brings additional 6 repetitions for PDSCH. This adversely affects UE power consumption.
[image: 捕获1]
Figure 2. The PDSCH repetition wasting for implicit feedback
Observation 5: Terminating the repetition by implicit feedback and starting a new repetition for a TB would introduce additional PDSCH repetition resource and UE power consumption.
If single TB is in the first PDCCH, we would naturally assume that there is no new data scheduling for the second PDCCH. Therefore, if the single TB is decoded successfully, the explicit feedback can be used to terminate it to save power. Note in this situation implicit feedback proposed from last meeting cannot be used. 
Observation 6: For single TB scheduling without new data in the second PDCCH, unlike explicit feedback which can be used to save power, the implicit feedback cannot be used.
If mixed scheduling by second PDCCH is used for partial TBs feedback, the MCS, repetition, TBS, and TPC are the same, which would limit the new TB scheduling. For example, if there is a burst traffic with larger packet size than the retransmitted TB in the second PDCCH scheduling, obviously, the burst packet size probably is unmatched with the retransmitted TB size. For explicit feedback, the new TBS and repetition number can be indicated by the DCI, which is shown in Figure 3. 
[image: 捕获3]
Figure 3. The repetition and TBS are limited by the retransmitted TB
As shown in Figure 3, for the burst traffic 1, a TB with larger TBS can be used to schedule the traffic. For the burst traffic 2, 2 TBs with half TBS are scheduled, since the TBS for initial TB should be the same with the retransmitted TB. Additionally, the repetition number and TPC also should be the same. Moreover, the gap would not cause larger delay and more power consumption. 
Observation 7: For implicit partial feedback, the MCS, repetition, TBS, and TPC command for new burst traffic would be restricted by the retransmitted.
2)  All TBs feedback
As for the all TBs feedback, whether the termination triggering is after all ACK-ed TBs decoding should be discussed. 
If it is after all ACK-ed TBs, the power saving by early termination obviously is marginal, since all the TBs need to be transmitted successfully. Especially for the mixed scheduling scenario, since initial TB and the retransmitted TB scheduled by one DCI have the same repetition number, retransmitted TB has the higher probability to be decoded successfully earlier. Otherwise (the NACK-ed TB can be terminated), the RLC retransmission should be supported to retransmit the terminated TB that could have been decoded successfully. However, based on this, the all TBs feedback would bring additionally higher RLC retransmission probability and larger power consumption due to longer delay. Additionally, the all TBs feedback can be viewed as a special case of partial feedback, when partial TBs (all the TBs) are terminated. The RLC retransmission also has the issues similarly with partial feedback, e.g., retransmission scheduling is limited by TB number, the PDSCH repetition may be wasted for implicit feedback, and etc.
Therefore, we do not see the benefits to support the all TBs feedback instead of partial feedback.
Observation 8: For the all TBs feedback,
· [bookmark: _GoBack]After ACK-ed all TBs, the power saving is extremely limited
· Based on RLC retransmission, besides the above issues similarly with partial feedback, the higher RLC retransmission probability and longer delay would be caused.
Proposal 4: More discussion is needed for implicit feedback (partial or all TB) of early termination to be supported  
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for MTC. We make the following observations and proposals:
Observations 
Observation 1: The current spec’s description about TPC command is not aligned with the agreement for MTB
Observation 2: UE behavior for SRS, PUCCH, or shorter PUSCH transmission on the valid subframes in the gap introduced by early termination follows the current specification.
Observation 3: UE behavior for UCI MUX/dropping, TA and TPC command for transmission on the valid subframes of the gap introduced by early termination follows the current specification.
Observation 4: The PDCCH scheduling for implicit feedback is limited by the number of TBs to be transmitted. 
Observation 5: Terminating the repetition by implicit feedback and starting a new repetition for a TB would introduce additional PDSCH repetition resource and UE power consumption.
Observation 6: For single TB scheduling without new data in the second PDCCH, unlike explicit feedback which can be used to save power, the implicit feedback cannot be used.
Observation 7: For implicit partial feedback, the MCS, repetition, TBS, and TPC command for new burst traffic would be restricted by the retransmitted.
Observation 8: For the all TBs feedback
· After ACK-ed all TBs, the power saving is extremely limited
· Based on RLC retransmission, besides the above issues similarly with partial feedback, the higher RLC retransmission probability and longer delay would be caused.
Proposals 
Proposal 1: The specification needs to capture the agreement about TPC command for MTB as shown in TP1.
Proposal 2: For explicit feedback, individual feedback should be selected.  
Proposal 3:TP2 can be considered to support individual feedback for early termination
Proposal 4: More discussion is needed for implicit feedback (partial or all TB) of early termination to be supported  
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