[bookmark: OLE_LINK34][bookmark: OLE_LINK33][bookmark: historyclause][bookmark: _Toc383764588]3GPP TSG RAN WG1 Meeting #94bis                            R1-1811660
Chengdu, China, October 8th – 12th, 2018

Source:           ZTE
Title:              Summary on Multiple TB scheduling enhancement for NB-IoT
Agenda item:      6.2.2.3
Document for:     Discussion and Decision

[bookmark: OLE_LINK23]Introduction
In the last RAN1 #94 meeting [1],  the following agreements were reached.
· [bookmark: OLE_LINK28]For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.
· One DCI to schedule multiple TBs for SC-MCCH is not supported.
· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD.
· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS.
In Ran1 #94bis meeting, 10 contributions submitted in this agenda items. The proposal and observations from these contributions are listed below.
	From [1]  
Observation 1: For SC-MCCH and SC-MTCH, scheduling multiple TBs without DCI can reduce the DCI overhead, at the cost of lower scheduling flexibility and increase in UE power consumption.
Observation 2: Since there is no HARQ-ACK feedback for SC-MTCH, the maximum number of TBs scheduled by one DCI has no impact on Cat NB1 and Cat NB2 UEs in terms of buffer size.
Observation 3: For SC-MTCH, how to transmit SC-MTCH efficiently should be considered when both Rel-16 UEs and Rel-14 UEs are in the network.
Observation 4: For SC-MTCH scheduling, using different DCI format for Rel-16 UE and legacy UE will increase the DCI overhead in comparison with legacy SC-MTCH scheduling in Rel-14.
Observation 5: For SC-MTCH scheduling, using same DCI format and content for Rel-16 UE and legacy UE keeps the same DCI overhead as legacy SC-MTCH scheduling in Rel-14.
Proposal 1: For scheduling multiple SC-MTCH TBs with one DCI, the same DCI format and content as legacy is used, i.e. DCI format N1 for SC-MTCH scheduling in Rel-14.
Proposal 2: For scheduling multiple SC-MTCH TBs with one DCI, how to reduce UE power consumption in terms of NPDCCH monitoring should be studied.
Proposal 3: For scheduling multiple SC-MTCH TBs with one DCI, the number of TBs is indicated in SC-MCCH.
Proposal 4: For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.
Observation 6: For unicast, two main difference than SC-PTM are:
· with HARQ-ACK feedback.
· no backward compatibility issue.
Observation 7: For unicast, a larger value of the maximum number of TBs scheduled by one DCI brings more gain because of DCI overhead reduction.
Observation 8: For unicast, the maximum number of TBs scheduled by one DCI may have an impact to the buffer size for Cat NB1 and Cat NB2 UEs.
Proposal 5: For unicast, Cat NB1 and Cat NB2 UEs support multiple TBs scheduled by one DCI with no impact on buffer size.
Proposal 6: For unicast, UE-specific RRC signaling enables/disables the new DCI format for scheduling multiple TBs by one DCI. 
Proposal 7: For unicast, the DCI size for scheduling multiple TBs by one DCI is the same for different number of scheduled TBs. 
Proposal 8: For unicast, if multiple TBs are scheduled by one DCI, individual HARQ-ACK feedback for each TB is used. 


	
From [2]
Observation 1	Due to the limited range of scheduling delay values a DCI can point to, the benefits of using one DCI to schedule two TBs are more obvious for UEs requires more repetitions, especially in the case when lots of data needs to be communicated, both in the DL and UL.
Observation 2	Significant throughput increase can be achieved by using one DCI to schedule tow TBs comparing to using two HARQ processes, especially for UEs in extended coverage that require more repetitions.
Observation 3	If one DCI can be used both to schedule initial and retransmission of different HARQ processes, the trade-off between flexibly and DCI overhead should be carefully studied.
Observation 4	It is not necessary to indicate the HARQ process number in the DCI for the initial transmission.
Observation 5	In SC-PTM, to support more diversified types of traffic, and reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule one or several consecutive SC-MTCH TBs.

Proposal 1	To reduce the DCI monitoring effort, the number of TBs scheduled should be dynamically indicated in the DCI.
Proposal 2	To reduce keep the DCI size minimum, the two TBs scheduled by one DCI should be of the same size and using the same MCSs and number of repetitions.
Proposal 3	In the DL when one DCI schedules multiple TBs, the TBs are send back-to-back.
Proposal 4	The TBs scheduled by the same DCI should be individually acknowledged.
Proposal 5	The ACK/NACK of different TBs scheduled by the same DCI should be send back-to-back with the same UL gap and postponing rules defined as legacy NPUSCH. A minimum 12 ms should be kept between the end of a TB to the start of the corresponding ACK/NACK to allow UE enough processing time.
Proposal 6	When using one DCI to schedule multiple TBs, at least for single tone, different subcarrier allocations for different TBs can be considered in the NB-IoT UL.
Proposal 7	Do not support interleaving multiple TBs when the TBs are scheduled by the same DCI.
Proposal 8	For NB-IoT, no more than two TBs should be scheduled by the same DCI.
Proposal 9	We can consider using 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments.
Proposal 10	Using the same DCI to schedule a single TB should also be supported, so the UE does not need to monitor two DCI sizes at the same time.
Proposal 11	DL SPS should be supported in Rel-16 NB-IoT with the flexibly that eNB can schedule one or several TBs.


	From [3]  
 Proposal 1:  For SC-PTM, support scheduling multiple DL transport blocks via single DCI for SC-MTCH in IDLE mode.
Proposal 2: SC-MCCH is used to configure multiple TB transmission of SC-MTCH.
· Option 1: SC-MCCH indicates DCI format with separate G-RNTI for scheduling multiple TBs
· Option 2: SC-MCCH indicates DCI skipping pattern for SC-MTCH
Proposal 3: Efficient HARQ-ACK feedback mechanisms (e.g. HARQ-ACK bundling and/or multiplexing) corresponding to multiple transport blocks scheduled via single DCI needs to be introduced for unicast channels .
Proposal 4: In case of multiple transport block scheduling via single DCI, gap can be configured to achieve time diversity gain.
· FFS: Utilizing DL/UL gap for the purpose of early termination of a transport block(s).
Proposal 5: Interleaved transmission of multiple transport blocks scheduled via single DCI should be introduced.
· Each interleaved transport blocks should contain at least one repetition of NPDSCH/NPUSCH.
· Cyclic repetition pattern should be considered in designing interleaving pattern


	[bookmark: OLE_LINK42][bookmark: OLE_LINK43]From [4]  
Proposal 1:  When Multi-TB grant scheduling is enabled, there is no increase in UE blind decoding

Observation 1: 
· Interleaving transport blocks provides a large SNR gain 
· The SNR gain without gaps and without 4 HARQ processes is limited (0.3,1.0, 0.6)
· The SNR gain with gaps provides the best gains but this is at the expense of data rate
· The SNR gain with 4 HARQs provides similar gain for the same time diversity as gaps 
· When repeats are used, 4 UL HARQs increases data speed by nearly 2X vs 2 UL HARQs

Proposal 2: 
· Interleave the transmitted TBs when repeats are used
· Support adding gaps in the transmission. FFS: gap configurations
· Both 2 and 4 UL HARQs will be specified. The UE can optionally support 4 UL HARQs 


	[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48] From [5]  
Observation 1: For multi-TBs scheduling with one DCI, increasing DCI size would not increase the blind decoding.
Observation 2: Transmission gap would cause lower transmission rate and resource utilization.
Observation 3: Interleaving requires larger UE processing cache and the realistic gain that can be achieved needs further study.
Observation 4: Mixed transmission scheduling can save the NPDCCH overhead, UE monitoring time and improve the transmission efficiency 
Observation 5: If backward compatibility should be maintained for Rel-16 UE and legacy UE in SC-PTM, the advantage to adopt multi-TBs scheduling with DCI is not evident.
Proposal 1: SPS and SPS enhancement for multi-TB scheduling without DCI should be further confirmed.
Proposal 2: Common parameters can be considered to reduce the DCI overhead
-  Detailed parameters for DCI FFS.
Proposal 3: For multi-TBs scheduling, the frequency location for each TB should be the same.
Proposal 4: For unicast multi-TBs scheduling, continuous resource allocation should be supported.
Proposal 5: For unicast in NB-IoT, each transport block corresponds to a unique HARQ process and the maximum TBs number is 2.
Proposal 6: The interleaving performance for multi-TBs scheduling should be further studied.
Proposal 7: The mixed transmission scheduling for NPUSCH should be considered to improve the transmission efficiency. Details FFS
Proposal 8: Centralized feedback should be considered for feedback mechanism in NB-IoT
Proposal 9: Multi-TBs scheduling without DCI should not be supported in SC-PTM for MTC. 
Proposal 10: For Rel-16 UE only network, Multi-TBs scheduling with DCI can be supported in SC-PTM 


	[bookmark: OLE_LINK50][bookmark: OLE_LINK51] From [6]  
Proposal 1: One DCI format supporting both single and multiple transport block scheduling is preferable for UE power consumption of monitoring MPDCCH blind detection and DCI format design.
Proposal 2: The maximum number of scheduled transport blocks with one single DCI is configured by RRC signaling from a set {1, 2}.
Proposal 3: DCI optimization solution for scheduling multiple transport block(s) needs further study.
Proposal 4: HARQ ACK/NACK resource for multiple TB can be indicated by DCI grant scheduling NPUSCH.
Proposal 5: Some of the interleaved issues should be further studied, e.g. interleaved pattern, interleaved period, GAP period, TB transmission sequence of multiple TBs, RV determination, scrambling initialization, etc.


	[bookmark: OLE_LINK55][bookmark: OLE_LINK56]From [7]  
Observation 1: With non-continuous transmission of multiple TBs, one HARQ process 1 or 2 HARQ processes can be configured.
Observation 2: With non-continuous transmission of multiple TBs, there can be NTB = 1, 2, or larger number of TBs that  can be scheduled via single DCI.
Observation 3: With continuous transmission of multiple TBs, > 1 HARQ processes need to be configured.
Observation 4: With continuous transmission of multiple TBs, there can be NTB = 1, 2 number of TBs that can be scheduled via single DCI. 
From [8]  
Proposal 1: For unicast, scheduling multiple DL/UL transport blocks continuously or non-continuous with single DCI is supported.
Proposal 2: With non-continuous transmission of multiple TBs , the number of TBs, NTB, that can be scheduled for NPDSCH or NPUSCH via a single DCI can be down selected from a range – FFS NTB = {2, 4, 8, 16, 32, 64}. 
Proposal 3: HARQ-ACK feedback per transmitted TB in scheduling of multiple TBs via single DCI is baseline.
Proposal 4: Design of new or re-interpreted DCI fields in DCI format N0 or N1 to support multiple TB scheduling via single DCI is FFS.


	From [9]

 Observation #1: For UL unicast, the HARQ-ACK feedback for multiple transport blocks scheduled in one DCI could be implicitly indicated in next UL grant with NDI bitmap.
Observation #2: For DL unicast, the HARQ-ACK feedback for multiple transport blocks scheduled in one DCI could be transmitted after reception of the last DL transport block.
Observation #3: Scheduling of both DL and UL transport blocks could be considered at least for TDD to utilize the nature of interlaced UL/DL subframe structure.
Observation #4: Compared with legacy DCI formats, the size of some fields e.g. MCS should be reduced in the new DCI formats in order to align with legacy DCI formats.

Proposal #1: For both UL and DL transmission, the gain of scheduling multiple UL transport blocks in one DCI needs to be further evaluated.
Proposal #2: DCI-based scheduling of multiple transport blocks for SC-MTCH can be further discussed.
Proposal #3: For scheduling of multiple transport blocks in unicast, at least the following information should be indicated in DCI implicitly or explicitly:
· The number of actual scheduled transport blocks
· Resource assignment, subcarrier indication, repetition, MCS for all transport blocks
· Scheduling delay
· HARQ ID of the first transport block
· NDI/RV (bitmap) of each transport block
Proposal #4: The size of new DCI formats used to schedule multiple transport blocks should be aligned with legacy DCI formats.


	From [10]
Proposal 1: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.
Proposal 2: For unicast, the maximum number of TBs that can be dynamically indicated in DCI is 2.
Proposal 3: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 4: For scheduling of multiple transport blocks in preconfigured resources, this feature is configured and enabled via SI for UE in idle mode and via RRC signalling for UE in connected mode.
Proposal 5: For SC-PTM, the feature is supported for SC-MTCH. It is configured and enabled via SC-PTM configuration message.
Proposal 6: Bundled ACK/NACK can be used to acknowledge two transport blocks for UE capable of 2 HARQ processes. The timing of the ACK/NACK can be based on the transmission of the last packet in the bundle.
Proposal 7: Consider 2-bit ACK/NACK to acknowledge two transport blocks for UE capable of 2 HARQ processes.


	[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]From [10] R1-1808633	 Consideration on scheduling enhancement for MTC, source ZTE
Observation 1: Compared with the legacy SPS, scheduling multiple TBs without DCI shows no obvious gain.
Proposal 1: Compared with scheduling multiple DL/UL transport blocks without DCI, study on scheduling multiple DL/UL transport blocks with DCI should be prioritized.
Proposal 2: For DCI design of scheduling multiple TBs, details such as the number of TBs, scheduling pattern, resource assignment and MCS should be studied.
· A unified solution can be applied for DL and UL multi-TBs scheduling.
· DCI design for CE Mode A and Mode B should be considered separately.
Proposal 3: For scheduling multiple DL TBs for unicast, bundled feedback and independent feedback can be considered.
· Feedback for half duplex UEs and full duplex UEs should be considered separately.
Proposal 4: For scheduling multiple TBs with one DCI for SC-PTM, the number of TBs needs to be indicated.



Multi-TBs scheduling with DCI for unicast
[bookmark: OLE_LINK18]DCI design principle
In [2] [5] [9], it is proposed that common parameters across multiple TBs can be considered to reduce DCI size.
[bookmark: OLE_LINK10]Proposal 1:  The UE should only monitor one DCI size in the UE specific search space.

 Frequency and time domain location for transmitted TBs
Regarding the frequency location of the transmitted TB, in [2] it is suggested at least for single tone, different subcarrier allocation for different TBs can be considered. In [5], it is proposed to have same frequency location for each TBs.
[bookmark: OLE_LINK29]Proposal 2: For multi-TBs scheduling, the frequency location for each TB is FFS.
There are two potential solutions of time domain location for multi-TBs scheduling, i.e. continuously and discontinuously (with gap). Most companies support continuous transmission, within these companies, in [2] [5] it is explicitly stated that discontinuous transmission with gaps is not preferred. While in [3] [4] [7] discontinuous transmission with gaps is proposed. Since it seems there is no opposition for the continuous transmission, we have the following recommendations:
[bookmark: OLE_LINK31]Proposal 3 : For unicast multi-TBs scheduling, continuous TB transmission is supported. FFS discontinuous transmission with gaps.
Interleaving TBs
[bookmark: OLE_LINK25][bookmark: OLE_LINK35]In [3], [4] interleaving TB transmission is proposed. In [2] , interleaving is opposed. In [5] [6] [9], it is proposed to further study interleaving TBs.
Proposal 4:  Further study interleaving of TBs

 Scheduling pattern
[bookmark: OLE_LINK26][bookmark: OLE_LINK36] 
In [5], it is proposed one DCI can be used to schedule both initial and retransmission of different HARQ process. In [2], it is proposed to have further study of this feature.  
Proposal 5:  FFS using one DCI to schedule both initial and retransmission of different HARQ process. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK1] HARQ Feedback
1)  Number of multiple Tbs/HARQ process

For multi-TBs scheduling in NB-IoT, the maximum number of TBs can be decided by the following two options:
· [bookmark: OLE_LINK9]Option1: Each TB corresponds to a unique HARQ process.
· [bookmark: OLE_LINK11]Option2: Multiple TBs corresponds to a unique HARQ process.
The following proposal are supported by most companies.
[bookmark: OLE_LINK32]Proposal 6:  For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.

For NB-IoT, the maximum number of HARQ processes is 2. It is natural to follow this also for multiple TB scheduling, which is supported by most companies. In [4], it is proposed to also have 4 UL HARQ supported.
 
Proposal 7 :  Maximum UL HARQ process supported is 2 .
            Maximum DL HARQ process supported is 2 . 
           FFS: if optionally 4 UL HARQ process can be supported.
 
2) HARQ bundling
Most companies support unbundled HARQ feedback. Within these companies, [1] [2] [5] [6] oppose bundled HARQ feedback. Additionally, in [3] [9] [10] , it is proposed to support HARQ bundling. Considering so far individual (un-bundled) feedback seems acceptable to the group, it is recommended that:
[bookmark: _GoBack]Proposal 8:  Individual feedback for each HARQ process is supported. 
          FFS if HARQ bundling can be optionally supported.

[bookmark: OLE_LINK37]
Multi-TBs scheduling with DCI for Multicast  
 Multicast without DCI
In [5] , it is proposed not to support multi-TBs scheduling without DCI for SC-PTM
[bookmark: OLE_LINK39]Proposal 9: Multi-TBs scheduling without DCI should not be supported in SC-PTM. 
 Multi-TBs scheduling with DCI
Last meeting, we agree that one DCI to schedule multiple TBs for SC-MCCH is not supported.  In this meeting, In [1] [2] [3] [10] it is proposed support multi-TB scheduling for SC-MTCH, while in [5] [8], it is suggested to further study multi-TB scheduling for SC-MTCH, especially the benefit in the network with legacy UEs. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK5][bookmark: OLE_LINK40]Proposal 10:  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.  
 
SPS enhancement
[bookmark: OLE_LINK41]Regarding SPS, in [2] it is proposed to support DL SPS with the flexibility that eNB can schedule one or several TBs. In [5] it is suggested for further study.  
[bookmark: OLE_LINK12]Proposal 11:  FFS SPS enhancement. 
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