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Introduction
In the last RAN1 94 [1] and 94bis meeting [2], we had the following agreements and conclusions
In 94 meeting, we have the following agreements, work assumption and conclusion.
[bookmark: OLE_LINK41]Agreements in 94: 
· Specify scheduling of multiple transport blocks for both CE Mode A and B
· The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
· When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
· The number of blind decodes for MPDCC is not increased as a result of scheduling multiple TBs
· One DCI to schedule multiple TBs for SC-MCCH is not supported
Conclusion in 94 :
· When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions
· Companies are encouraged to submit evaluation results in the next RAN1 meeting
Working Assumption in 94
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
In last 94bis meeting, we have the following agreements, work assumption and consideration.
Agreements in 94bis : 
· Confirm the working assumption that
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
· For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.
· The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]
· The UE should only monitor one DCI size in the UE specific search space
· Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.
· For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
	For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI]. 
Working Assumption in 94bis
· [bookmark: OLE_LINK42]For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
· The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)
For further study until next meeting:
How to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.
For further consideration:
Optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.
This contribution discusses the remaining issues in MTC.
Multi-TBs scheduling with DCI for Multicast  
 Multi-TBs scheduling with DCI
1) Multi-TBs scheduling for multicast
In order to provide the flexible multi-TBs scheduling in multicast, the new DCI format can be considered and the control information for multi-TBs scheduling is indicated in the new DCI.
[image: mpdcch2]
Figure 1. New DCI format for Multi-TB scheduling in multicast 
In Figure 1, the control information, e.g., the number of TBs, MCS and resource allocation, etc, is indicated by the MPDCCH for multi-TBs scheduling. For R16 UE, the scheduling information can be decoded by only monitoring the MPDCCH for multi-TBs scheduling. The legacy UE decode the MPDCCH with the legacy way. Adopting the new DCI to indicate the multi-TBs scheduling can keep the compatibility for legacy UE and provide the scheduling flexibility.i.e., compared with SC-MCCH in Figure 2, DCI can be more flexible to indicate multi-TB scheduling information and the flexibility problem is shown in the following figure
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Figure 2. SC-MCCH for Multi-TB scheduling in multicast
In Figure 2, the number of TBs should be indicated in the SC-MCCH. The other parameters like MCS, resource allocation are indicated by the first MPDCCH. Within one SC-MCCH scheduling time, the number of multiple TBs should be kept the same. The number of multiple TBs can not be changed until next SC-MCCH information. Therefore, the indication by SC-MCCH is limited to the scheduling of the SC-MCCH . It is proposed that :
Proposal 1: New DCI format can be considered to schedule multi-TBs for multicast.
At the same time, we should notice that interleaving should not be supported in multicast because of the compatibility problem.
Proposal 2: Interleaving should not be supported for multicast.
2) The maximum number of TBs
HARQ is not supported in multicast and there is no buffer requirements for UE. In order to save the MPDCCH number, larger number for multi-TBs scheduling can be considered, e.g., 8 and 16,etc.
Proposal 3: The maximum number of TBs for multicast can be 8 or 16.
Multi-TBs scheduling with DCI for unicast
 Frequency and time domain location
For the downlink transmission in MTC, resource allocation with PRB is indicated by DCI. For the uplink transmission, resource allocation with sub-PRB is indicated by DCI. The frequency location for multiple TBs can be different or same. Obviously, for the same frequency location case, the common parameters can be considered and DCI overhead can be reduced. For the different frequency location case, it would increase the DCI overhead and design complexity. Moreover, hopping was supported in MTC so that the frequency diversity gain for different frequency location can be unnecessary. Therefore it is preferred that the resource frequency location can be the same for multi-TBs scheduling.
[bookmark: OLE_LINK20][bookmark: OLE_LINK44]Proposal 4: For multi-TBs scheduling in MTC, the downlink/uplink frequency position for each TB shall be the same.
There are two potential solutions of multi-TBs scheduling for time domain location, i.e., continuously and discontinuously (with gap).
For the continuous allocation, there is no gap, which means the compact resource allocation and high utilization. For the discontinuous allocation, the time diversity gain can be achieved because of adding the gap. While the drawback of discontinuous allocation is that it would cause the resource fragmentation problem and reduce the data transmission rate, which is shown in Figure 3.
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Figure 3. Continuous and discontinuous allocation
For the continuous allocation case, the data transmission time is T1. After adding the gap, transmission time turns to be T2. Data transmission rate is dropped by twenty-five percent and two resource fragments are caused after adding gap. Moreover, the longer transmission time caused by adding the gap brings the larger UE power consumption, because the monitoring time becomes longer. Also, the more flexible gap means the larger DCI size and higher eNB scheduling complexity. Therefore we have the following observation.
[bookmark: OLE_LINK30]Observation 1: Transmission gap would cause lower transmission rate and larger DCI size, which brings the higher UE power consumption and eNB scheduling complexity.
Additionally, adding the gap would cause the fragmentation of continuous resources.The resource allocation of Rel-16 UE is unknown to the legacy UE, so the resource for legacy UE only can be scheduled in the gap, which would affect the legacy UE coverage.
Observation 2: Adding transmission gap would cause increase of resource fragmentation and negative effects onthe legacy UE coverage.
In order to reduce the UE monitoring time, save UE power consumption, keep the higher resource utilization and lower DCI overhead, we propose that the time domain location should be continuous.
[bookmark: OLE_LINK31]Proposal 5: For unicast multi-TBs scheduling, continuous resource allocation should be supported. 
[bookmark: OLE_LINK13] Number of multiple TBs
Work assumption for CE Mode B:
· For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
· The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)
If 4 HARQ processes are supported for CE Mode B, which can save the MPDCCH and increase transmission rate. However, whether there is a need for higher transmission rate needs to be confirmed and more HARQ processes means more DCI overhead, which may affect the MPDCCH transmission performance.
Proposal 6: 2 HARQ processes should be supported for CE Mode B in MTC.
For mode A, if the maximum number of TBs is equal to the maximum number of HARQ processes, the DCI overhead cost would be large. e.g., for the 8 HARQ processes, bitmap method to indicate the HARQ processes status needs 8 bits overhead in DCI. The legacy field of HARQ process number is 3 bits, which means there is a difference of 5bit. Moreover, the scenario of scheduling 8 TBs with large TBS is corner case. Therefore, considering the DCI overhead and application scenario, scheduling 4 TBs can be more appropriate.
Proposal 7: The maximum number of multiple TBs shall be 4 for CE Mode A.
 Interleaving 
1)  Elements of interleaving
The gain of multi-TBs interleaving is decided by the number of consecutive subframes for each TB in the interleaved block and the total repetition times. We give the Figure 4 as follows:
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Figure 4. Elements of interleaving 
2) Interleaving analysis in MTC
Interleaving brings time diversity gain by smooth out the channel’s effect on each TB. However, if the repetition number is large enough so that every TB can experience all channel changes, or if the repetition number is very small so that the joint estimation performance of the TB in the interleaved block is not good, interleaving would have little effects. This is because for the first scenario time diversity gain is already captured during repetition, while for the second scenario there is no way to capture time diversity gain. 
[bookmark: OLE_LINK25]Note the individual feedback for downlink TB has been supported in the last RAN1 meeting, which indicates all the TBs’ transmission state specifically. Individual feedback is mainly to enable the different status of each TB transmitted, so the unsuccessful TB can be retransmitted. The feedback information for the uplink scheduling is indicated by the UL Grant, and the transmission status for each TB will also be indicated specifically.
Observation 3 : The benefit of individual feedback is it can feedback transmission state of each TB scheduled. 
 
However, interleaving requires that each TB is evenly distributed in the time domain, which causes the transmission situation among multiple TBs more similar. The probability of success or failure of all TB transmissions could be higher, which is shown in Figure 5. Therefore, adopting interleaving negates the benefit of individual feedback.
[image: interleaving drawback]
Figure 5. Interleaving and non-interleaving effected by the interference
Observation 4: Interleaving reduces the benefit of individual feedback.
Last, interleaving needs higher requirements for data processing capability. The more TBs are supported, the higher the UE cross-processing capability requirements and the higher the processing cache requirements. For example, 2 TBs processing cache for interleaving in uplink are necessary for 2 HARQ process multi-TBs scheduling, but 1 TB processing cache for non-interleaving is enough.
Observation 5:Interleaving requires larger processing buffers.      
Proposal 8: interleaving should not be supported for unicast.
 Mixed scheduling and non-mixed scheduling
In order to save MPDCCH overhead, mixed scheudling can be studied. Non-mixed and mixed scheduling scheme for CE Mode B with 2 processes refers the NB-IoT case in [3] and next we give the example with 4 HARQ processes.
1) Non-mixed scheduling
For non-mixed scheduling case, bitmap method with 4 bits can be used to indicate the HARQ processes state. NDI field is shared with4 HARQ processes. Therefore, 5 bits in totally is needed to indicate the transmission, where the NDI field indicates the new transmission or retransmission for all TBs. As for the RV indication for CE Mode A, because RV field is also shared with 4 HARQ processes，2 bits is enough to indicate all the TBs’ RV.
2) Mixed scheduling
For mixed scheduling, each process has 3 states: retransmission, new transmission, and no transmission. Therefore the total states is 3^4-1=80, and 7 bits can indicate all the transmission states. Compared with non-mixed scheduling with bitmap indication method, adding 2 bits can help save the MPDCCH overhead. As for the RV indication, a available options is described as follows: If the new transmission and retransmission TB are scheduled in one DCI, the RV for new transmission can be fixed to RV0, and the retransmission can be indicated by the RV field in DCI. If the two TBs are new transmission, the RV in DCI can be shared for 4 HARQ processes. If the two TBs are retransmission, they should be indicated by DCI. As the legacy method, 2 bits is enough to indicate the mixed scheduling RV information.
Compared with the non-mixed scheduling, mixed scheduling saves the MPDCCH overhead. Therefore, mixed scheduling should be considered.
Proposal 9: Mixed scheduling should be supported. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK1] Feedback
1) Individual feedback
Individual feedback for downlink transmission can be divided into 2 types: continuous feedback and separate feedback.
· Continuous feedback means that continuous uplink resource transmission starts at the K-th subframe position after the end of multi-TB scheduling
· Separate feedback means that separate feedback for each TB starts at K-th subframe position after the end of corresponding TB.
For the HD-FDD UE, separate feedback would generate more GR subframes, which cause the resource waste and power consumption increasing. Continuous feedback can help save the GR subframes, which is more appropriate for HD-FDD UE.
For FDD UE, separate feedback would affect the resource utilization, and it helps the eNB preparing the next transmission. Therefore, separate feedback can be supported.
Proposal 10: For the individual feedback
---Separate feedback can be supported for FDD UE.
--Continuous feedback can be supported for HD-FDD UE.
2) Multiplexing and bundling
Bundling multiple HARQ processes with 1 bit feedback helps save the uplink resources. However, a TB decoding failure may cause all TBs to be retransmitted especially for large repetition case, which cause the serious resource waste and less available resources. From the perspective of transmission effectiveness, bundling should not be supported.
For the HD-FDD UE, multiplexing can be considered to save the uplink resources.The uplink resource can be saved compared with individual feedback at high SNR . Multiplexing has higher feedback efficiency and save UE power consumption.
Proposal 11: Bundling should not be supported while multiplexing can be considered.
Conclusion   
In this contribution, we have discussed the scheduling enhancement for NB-IoT. We make the following observations and proposals:
Observation 1: Transmission gap would cause lower transmission rate and larger DCI overhead, which brings the higher UE power consumption and eNB scheduling complexity.
Observation 2: Adding transmission gap would cause increase of resource fragmentation and negative effects on the coverage of legacy UE.
Observation 3 : The benefit of individual feedback is it can feedback transmission state of each TB scheduled. 
Observation 4: Interleaving reduces the benefit of individual feedback.
Observation 5:Interleaving requires higher processing buffers.   
Proposal 1: New DCI format can be considered to schedule multi-TBs for multicast.
Proposal 2: Interleaving should not be supported for multicast.
Proposal 3: The maximum number of TBs for multicast can be 8 or 16.
Proposal 4: For multi-TBs scheduling in MTC, the downlink/uplink frequency position for each TB shall be the same.
Proposal 5: For unicast multi-TBs scheduling, continuous resource allocation should be supported. 
Proposal 6: 2 HARQ processes should be supported for CE Mode B in MTC.
Proposal 7: The maximum number of multiple TBs shall be 4 for CE Mode A.
[bookmark: _GoBack]Proposal 8: Interleaving should not be supported for unicast.
Proposal 9: Mixed scheduling should be supported. 
Proposal 10: For the individual feedback
---Separate feedback can be supported for FDD UE
--Continuous feedback can be supported for HD-FDD UE
Proposal 11: Bundling should not be supported while multiplexing can be considered.
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