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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] contain a common objective on scheduling enhancement: 
Scheduling enhancement:
Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
This objective was discussed in the RAN2#104 meeting ([3]) and the following agreements were reached ([4]).
Agreements:
- Multiple TB scheduling is supported for UEs in connected mode. It is FFS if it is supported for EDT.
- UEs in connected mode are configured with multiple TB scheduling via dedicated RRC signalling assuming that a new DCI format is introduced. This is pending RAN1 agreement.
- UEs report capability to indicate support of multiple TB scheduling in connected mode
Meanwhile, the WI concept development has been progressing in RAN1. The latest agreements from RAN1 is captured in ([5] and [6]).
In this paper we discuss, in further details, the impact of Multi-TB scheduling on Layer 2 and 3, based on the RAN1 and RAN2 agreements mentioned above. 
This is a revision of contribution R2-1903835, where we have updated the discussion based on RAN1 progress and agreements regarding ACK/NACK timing with multi-TB scheduling, and SC-PtM. We also propose to down-prioritize multi-TB scheduling for Msg4 during EDT.
[bookmark: _Ref178064866]2	Discussion
2.1	Multi-TB Scheduling for EDT
In the previous meeting (RAN2#104), a question was raised about whether multi-TB scheduling should be supported for EDT (i.e., Early Data Transmission). EDT is a feature introduced in Rel-15 for both LTE-M and NB-IoT. For LTE-M and NB-IoT, a very typical use case is that some devices (such as data sensors or power meters) stay in RRC_IDLE most of the time, and only occasionally send or receive very small data packets. The signalling overhead for transmitting or receiving such small user data is relatively high, due to random access and RRC signalling. The EDT feature is motivated by potential gains obtained if user data can be sent already during the random access procedure, i.e., earlier than in legacy operations. Figure 3 and 4 illustrate UP-EDT and CP-EDT solutions respectively. 
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Figure 1. Principle of UP-EDT. 
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Figure 2. Principle of CP-EDT.
MO EDT enables UEs to start transmitting UL user data as early as in Msg3, by either multiplexing user data with the RRC message (UP-EDT) or including user data in a NAS container as part of the RRC message (CP-EDT). Msg3 is scheduled by Msg2. To be able to use multi-TB scheduling for Msg3, the eNB would need to know, prior to Msg2 transmission, if the UE in random access supports multi-TB scheduling, e.g. based on the detected PRACH. This is possible only if multi-TB scheduling capable UEs use a special type of PRACH format or certain specific PRACH resource, which implies designing a new PRACH format or further PRACH resource partitioning, respectively. This would result in additional complexity and PRACH resource fragmentation, which should be weighed against the possible benefit. 
An argument for supporting multi-TB scheduling in EDT is to increase the maximum transport block size in Msg3. The maximum TBS of EDT is set to 1000 bits to ensure it can be done in one transmission. If multi-TB scheduling could be used in Msg3, the UE could potentially transmit a much larger data packet during EDT. However, one could also argue that in this case the UE should request a normal RRC connection instead.
The standardization and implementation complexity of supporting multi-TB scheduling in Msg3 is significant while there seems to be limited or no benefit.
[bookmark: _Toc7741244]Multi-TB scheduling is not beneficial enough for Msg3 transmission during EDT.  


EDT also enables the eNB to start transmitting DL user data from Msg4. Msg4 is scheduled with a normal DL data DCI. Prior to scheduling of Msg4, the eNB has a UE context available and knows whether the UE supports multi-TB scheduling or not. The UE could obtain information on the multi-TB scheduling support via SIB. Once multi-TB scheduling is configured and activated, it is possible for the eNB to use multi-TB scheduling for Msg4 transmission.
As mentioned above, EDT reduces signalling overhead for infrequent transmission of small UL/DL user data, while the objective with multi-TB scheduling is to reduce data scheduling overhead in case of relatively large and/or long UL/DL data transmissions. In the prior scenario, multi-TB scheduling is not needed at all since the user data should be so small that it can be fit into one transmission. In the latter scenario, in general, the data transfer will involve many transmissions, for which the benefit of EDT is marginal. However, for Msg4 transmission, when the eNB has received data requiring multiple DL transmission as reply to MO EDT, multi-TB scheduling can be useful. When the eNB knows it needs to schedule multiple DL transmissions as reply to MO-EDT the overhead of multiple downlink DCIs could be reduced.  Also, multi-TB scheduling for Msg4 during EDT would have a limited impact in existing specifications. However, more study would be needed for the cases where multi-TB scheduling for Msg4 during EDT would be beneficial, and how beneficial it would be. Due to lack of time, it is proposed to down-prioritize multi-TB scheduling for Msg4 during EDT in Rel-16.
[bookmark: _Toc7741278]Multi-TB scheduling for Msg4 during EDT (and MT-EDT) is down-prioritized in Release 16.
2.2	Multi-TB Scheduling impact on MAC timers
When running multi-TB scheduling, the timing relations between PDCCH, PDSCH, PUSCH and PUCCH can be different compared to the legacy scheduling scenario. To ensure that scheduling of multiple TBs works properly, the impact on the relevant MAC procedures (such as DL data transfer, UL data transfer and DRX procedures) needs to be investigated. The impact on the MAC procedures is very much dependent on the actual feature design from RAN1 which is still pending. 
The following sections contain an initial discussion of the MAC timers but further input from RAN1 is needed to determine to exact change (range) required.
2.2.1	HARQ RTT Timer
The HARQ RTT timer specifies the minimum amount of subframes before a possible DL assignment for HARQ retransmission is expected by the MAC entity. For LTE-M and NB-IoT, the timer is started immediately after the PDSCH for the corresponding HARQ process has been received. After expiration of the timer, the eNB may start to schedule a re-transmission on the same HARQ process. With multi-TB scheduling, HARQ acknowledgements may not be sent until all TBs scheduled by the same DCI have been received. Sending HARQ acknowledgements separately for each TB in between of receiving the subsequent TBs scheduled by the same DCI could be challenging for half duplex UEs. For this reason, to avoid unnecessary monitoring of PDCCH, the HARQ RTT timer starting condition needs to be adjusted. To be more specific, in case of multi-TB scheduling, the HARQ RTT timer should not be started until the last TB has been received.
Figure 3 gives examples of HARQ RTT timers in both single TB and multi-TB scheduling scenarios. In case of multi-TB scheduling, to avoid HARQ RTT timers expiring too early for some HARQ processes, the HARQ RTT timers can be started at the end of the last PDSCH transmission.

 
Figure 3. HARQ RTT Timer with single vs Multi TB Scheduling.
Additionally, the following agreement was made in RAN1#96bis:
Agreement
In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained

Thus, in case of multi-TB scheduling the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, the HARQ RTT timer should also be with respect to the last TB.
[bookmark: _Toc7741279]For multi-TB scheduling with HARQ ack bundling, the HARQ RTT timer should not be started until the last TB has been received.
2.2.2	drx-InactivityTimer
For LTE-M, the drx-InactivityTimer specifies the number of consecutive PDCCH-subframe(s) following the subframe containing the last repetition of the PDCCH reception that indicates an initial UL or DL user data transmission for this MAC entity. At expiry of this timer, the UE may return to DRX.
In case of multi-TB scheduling, the scheduling delay between PDCCH and PDSCH can be much larger compared to the single TB scheduling scenario. The starting condition or the value of the drx_InactivityTimer might need to be modified to compensate for this extra scheduling delay. Otherwise the UE might switch to DRX unexpectedly due to drx-InactivityTimer expiry, and the network needs to wait until the next DRX cycle to continue data scheduling.
As illustrated in the LTE-M example in Figure 4, the drx-InactivityTimer expires too early in the multi-TB scheduling scenario. The consequence is that the UE will switch to DRX, not being able to receive subsequent DL or UL data grants in time.


Figure 4 Example of LTE-M drx-InactivityTimer for single- and multi-TB scheduling (single HARQ process used for simplicity).
To avoid the situation that the drx-InactivityTimer expires too early in multi-TB scheduling, the eNB could configure a long drx-InactivityTimer value. This would ensure that the UE is in Active Time long enough. However, this would waste UE power when only one TB is scheduled in a DCI, so an alternative solution is preferred. 
Two possible solutions are:
Extend the drx-InactivityTimer value when multiple TBs are scheduled in one DCI. The extension of the timer can be proportional to the number of TBs scheduled.
Start the drx-InactivityTimer when all PDSCH transmissions have been received or all PUSCH transmissions have been sent.
Solution 1 is preferred since it will nicely fit into the current drx-InactivityTimer mechanism. That is, when a single TB is scheduled by a DCI, no change is needed for the timer; when multiple TBs are scheduled by a DCI, the timer is extended with a period of time (proportional to the number of scheduled TBs).
For NB-IoT UEs, the drx-InactivityTimer specifies the number of consecutive PDCCH-subframe(s) after the subframe in which the HARQ RTT timer or UL HARQ RTT timer expires [7]. For multi-TB scheduling with separate HARQ ACK transmission, the drx-InactivityTimer will be restarted every time a HARQ RTT timer expires, the drx-InactivityTimer works in the same way as the legacy single TB scheduling. Hence, there is no need to modify drx-InactivityTimer for NB-IoT due to multi-TB scheduling. If two HARQ processes are configured, the operation should be similar to LTE-M, as the drx-InactivityTimer is in this case also started after new UL or DL assignment is indicated.
[bookmark: _Toc7741280]For multi-TB scheduling in both LTE-M and NB-IoT, the drx-InactivityTimer value is adjusted based on the number of TBs being scheduled by the DCI.
2.4	Multi-TB Scheduling for SC-PTM
SC-PTM provides a way to dynamically multicast MBMS service data to subscribers in an SC-PTM enabled cell. SC-PTM involves two downlink logical channel: SC-MCCH and SC-MTCH. The SC-MCCH carries the SC-PTM configuration which indicates the MBMS sessions that are ongoing as well as the corresponding information on when each session may be scheduled, i.e. scheduling period, scheduling window and start offset. The SC-PTM configuration also provides information about the neighbour cells transmitting the MBMS sessions which are ongoing on the current cell.
There is only one SC-MCCH in a SC-PTM cell, targeting all SC-PTM capable UEs in the cell. For backward compatibility reasons, RAN1 has decided not to support scheduling of multiple TBs for SC-MCCH. 
LTE-M and NB-IoT support 128 and 64 simultaneous SC-MTCHs, respectively. The configuration for SC-MTCH is transmitted in SC-MCCH. RAN1 has decided to support scheduling of multiple transport blocks for SC-MTCH.
UEs acquire the information to receive SC-MTCH from the SC-MTCH information list transmitted in SC-MCCH. To support scheduling of multiple TBs for SC-MTCH, an indicator can be added to the SC-MTCH information to indicate to the UEs which scheduling scheme is being used for the SC-MTCH. After acquisition of the SC-MTCH information, UEs should monitor either the legacy DCI format or the multi-TB DCI format according to the scheduling scheme indication.
Regarding multi-TB scheduling for SC-PTM, the following agreement is made in RAN1#96bis:
Agreement
For SC-MTCH multiple TBs scheduling, select one from the three options in RAN1#97
1. Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
1. Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
1. Support both a) and b)

Depending on RAN1 agreement on this, some scheduling scheme indicator is probably needed to be included in SC-MCCH.
[bookmark: _Toc7741245]RAN1 agreement on SC-MTCH multi-TB scheduling will have RAN2 impact on SC-MCCH contents.
A single SC-MTCH is either scheduled with the legacy or multi-TB scheduling scheme, as would be indicated in SC-MCCH, therefore there is no need to simultaneously monitor both the legacy DCI format and the multi-TB DCI format for a specific SC-MTCH as this results in increasing the DCI blind detection complexity. Hence, UEs should not be required to monitor the legacy DCI format and the multi-TB DCI format simultaneously for a single SC-MTCH.
Legacy UEs shall simply ignore the scheduling scheme indicator and monitor the legacy DCI format according to the scheduling information. However, UEs will not be able to detect any valid DCIs since they are searching for the new format (supporting multi-TB scheduling). Thus, UEs which do not support multi-TB scheduling also do not try to receive SC-MTCH intended for UEs supporting multi-TB.
[bookmark: _Toc7741282]Simultaneous use of legacy DCI and multi-TB DCI for scheduling of the same SC-MTCH is not considered further in Rel-16.
3	Conclusion
We have made the following observations in Section 2:
Observation 1	Multi-TB scheduling is not beneficial enough for Msg3 transmission during EDT.
Observation 2	RAN1 agreement on SC-MTCH multi-TB scheduling will have RAN2 impact on SC-MCCH contents.

We make following proposals based on the discussion:
Proposal 1	Multi-TB scheduling for Msg4 during EDT (and MT-EDT) is down-prioritized in Release 16.
Proposal 2	For multi-TB scheduling with HARQ ack bundling, the HARQ RTT timer should not be started until the last TB has been received.
Proposal 3	For multi-TB scheduling in both LTE-M and NB-IoT, the drx-InactivityTimer value is adjusted based on the number of TBs being scheduled by the DCI.
Proposal 4	Simultaneous use of legacy DCI and multi-TB DCI for scheduling of the same SC-MTCH is not considered further in Rel-16.
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