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Introduction
There have the following agreements in RAN2#95bis:
· FFS if larger TBS and/or wider bandwidth will require new UE category(ies)
· FFS if we have an early indication in MSG3 for larger TBS and/or wider bandwidth.
· FFS if DL and UL bandwidth can be different. RAN2 expects that DCI formats will be new for wider bandwidth which will require configuration. 
· FFS if the Ack/Nack bundling impacts the HARQ RTT timer. 
In this paper we provide analysis for the above FFS issues.
Discussion
If larger TBS and/or wider bandwidth require new UE category
In R13 eMTC, the category DL/UL M1 was introduced to indicate the UE with 1.4MHz bandwidth. It's natural for RAN2 to consider defining, e.g. category DL/UL M2 or more categories, for the larger TBS with 6PRBs (2984bits) and/or wider bandwidth (e.g. 5MHz in CE mode A is agreed in RAN1). 
RAN2 should wait the discussion results from RAN1 to determine whether there needs more new UE categories/capabilities. For example, the following UE category definitions might be considered: 
· DL/UL category M2: defined for the larger TBS with 6PRBs;
· DL/UL category M3: defined for the wider bandwidth 5MHz;
Example table items of new UE categories are as following:
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	DL Category M2
	2984
	2984
	Wait for RAN1’s discussion result
	1

	DL Category M3
	4008(based on RAN1’s agreement of Max TBS for 5-MHz Rel-14 BL/CE UEs)
	4008
	Wait for RAN1’s discussion result
	1



	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	UL Category M2
	2984
	2984
	No

	UL Category M3
	4008
	4008
	No



	UE DL Category
	UE UL Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	DL Category M2
	UL Category M2
	Wait for RAN1’s discussion result
	N/A

	DL Category M3
	UL Category M3
	Wait for RAN1’s discussion result
	N/A



	UE DL Category
	UE UL Category
	UE categories
	Maximum UE channel bandwidth [MHz]

	DL Category M2
	UL Category M2
	N/A
	1.4

	DL Category M3
	UL Category M3
	N/A
	5


For the other FeMTC features, i.e. ACK/NACK bundling, 10 HARQ processes, it’s more reasonable to define them as new UE capabilities.
Proposal 1:  It's proposed to introduce new UE categories for the larger TBS and/or wider bandwidth. The details need to wait for RAN1's discussion results. Features of ACK/NACK bundling and 10 HARQ processes are suggested to be defined as new UE capabilities.
Early indication in MSG3 for larger TBS and/or wider bandwidth
For the CP solution case (transmitting data in msg5): 
An early indication of larger TBS and/or wider bandwidth in msg3 might be useful to assist the eNB to schedule the data more efficiently, e.g. trying to schedule the data packet in one transmission instead of dividing it to multiple transmissions.
But considering that there's only one spare bit left in the msg3 (in the establishment cause of RRCconnectionRequest message), it's too expensive to use this last bit for the above purpose. Moreover, there's no relation between larger TBS/bandwidth and establishment cause, it's unsuitable to put this indication in establishment cause.
Besides above, only to send one indication of larger TBS/bandwidth without data volume information still can not help eNB to precisely schedule the data packet, i.e. can not completely avoid the data packet being scheduled in multiple parts.
For the UP/legacy case:
In legacy procedure, the eNB can get the UE category/capability (include the large TBS/bandwidth information) before any data transmission, so it's no need to add this early indication in msg3 for data scheduling purpose.
For the case of large msg5 in attach procedure, it happens rarely comparing to the data transmission. Based on same reason above, we don't see the strong need to exhaust the expensive spare bit of msg3 to improve the scheduling efficiency of this case.	
Proposal 2:  Adding early indication in msg3 to improve the scheduling efficiency of msg5 is not strong needed, it's not worth to use the last spare bit of msg3 for this case.
If DL and UL bandwidth can be different
There’re 2 cases:
Case1: UE’s hardware supports same larger BW in both DL and UL, e.g. 5MHz, but the UL or DL BW may be restricted by the RAN scheduling:
· According to the RAN1’s agreement, in the CE mode B, since the UL coverage is restricted due to limited power, it’s expensive for the UL to support as large bandwidth as DL with larger repetition factor. In this case it’s beneficial to support smaller UL BW, e.g. 1.4Mhz UL BW and 5MHz DL BW 
· In the CE mode A or no coverage enhancement cases, it’s not so expensive to support same large BW in both UL and DL.
· For the method of achieving different DL/UL scheduled  bandwidth, there're 2 alts we can see:
· Alt1: Leaving it to RAN implementation, i.e. using the same DCI format (supporting larger BW, which also be compatible to the reduced-BW scheduling) in both DL and UL bandwidth;
· Alt2: Explicitly configuring the UL or DL to work in smaller/larger BW, e.g. via RRC signalling or MAC CE, or using different DCI format in UL and DL, e.g. using legacy DCI in 1.4MHz bandwidth and new larger-BW-DCI in 5MHz(or more) bandwidth.
In the above 2 Alts, Alt1 is recommended. Alt1 is easier to achieve, and has less impact on the specifications. Alt2 seems to reduce some overhead of PDCCH, but the benefit is not so much considering that only 1~2 additional bits are needed in the larger bandwidth DCI to support larger BW scheduling. Besides that, if UE has to monitor 2 different DCI formats in each TTI, it will bring complexity to the UE behaviour and cause additional power consumption.
Proposal 3: 
· In the CE mode B, it's suggested to restrict 1.4MHz BW in UL and support larger BW in DL; 
· In the CE mode A or no coverage enhancement cases, leave RAN implementation to decide whether to schedule different BW in UL and DL, e.g. based on the pending data volume in UL/DL; 
Proposal 4: Different BW in UL and DL is proposed to be achieved by RAN scheduling implementation. Alt1 is recommended, i.e. using the DCI format for larger bandwidth in both UL and DL scheduling.
Considering the possible introducing of new DCI format of larger BW, explicit signalling may be needed to indicate UE to switch the monitoring behaviour between narrow band DCI and larger band DCI, and this signalling should indicate UE to switch monitoring behaviour for narrow/wider bandwidth DCI in both UL/DL at the same time other than individually switching in UL or in DL.
Proposal 5: If an explicit signalling is needed to indicate UE to switch the monitoring between narrow band DCI and larger band DCI, the UE should switch monitoring behaviour in both UL/DL at the same time.

Case2: UE's hardware supporting different BW in UL and DL:
This case may be meaningful for the applications which have asymmetric data rates in UL/DL, e.g. health-monitoring, or video-monitoring which has bigger data rate in the UL. And at first thought using smaller DL bandwidth may be cost efficient. However, the factor of manufacturing should also be considered, that is, if the required quantity of UE with different DL/UL bandwidth is not plenty enough, the cost of such UE may be still high. So RAN2 should discuss whether there're strong enough requirements from applications which have asymmetric data rates, if the answer is yes,  new UE category supporting different BW in UL and DL may need to be introduced.
Proposal 6: RAN2 needs to discuss whether there're strong enough requirements from applications which have asymmetric data rates, if yes, one or more UE categories may need to be introduced for the asymmetric UL/DL bandwidth UE.
If the Ack/Nack bundling impacts the HARQ RTT timer
There have following agreements in RAN1#86bis:
· HARQ-ACK bundling is supported in CE Mode A in HD-FDD.
· HARQ-ACK bundling is not supported in CE Mode B.
· One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.
· HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.
· The maximum HARQ-ACK bundle size is 4.

Considering HD-FDD is quite similar with TDD, the definition of HARQ RTT timer of HD-FDD can refer to that in TDD pattern, e.g. 
· For the case of no coverage enhancement, the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the last downlink scheduled transmission of the bundled PDSCH transmissions and the transmission of associated bundled HARQ feedback;
· For the case of CE mode A, the HARQ RTT Timer corresponds to 3 + k + N, where k is the interval between the last repetition of the last downlink scheduled transmission of the bundled PDSCH transmissions and the first repetition of the transmission of associated bundled HARQ feedback, and N is the used PUCCH repetition factor, where only valid UL subframes are counted.
Proposal 7: The definition of HARQ RTT timer of HD-FDD can refer to that in TDD pattern.  RAN2 needs to wait RAN1's final design of HARQ bundling to decide the final definition of HARQ RTT timer.
With HARQ bundling,  the start/stop of HARQ RTT timer in DRX also needs to be modified, the example is as below:
---------------------------------Start of Change-----------------------------------
TS36.321
[bookmark: _Toc454810683]5.7	Discontinuous Reception (DRX)
-	during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the SpCell and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception:
-	monitor the PDCCH;
-	if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:
-	if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:
-	start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the last corresponding PDSCH reception, or 
-    if the HARQ bundling is configured, start the HARQ RTT Timer for the corresponding joint HARQ processes in the subframe containing the last repetition of the last PDSCH reception of the corresponding PDSCH bundle.

---------------------------------The End of Change-----------------------------------
Proposal 8: The start/stop of HARQ RTT timer in DRX should be modified according to the HARQ bundling.
Conclusion
Based on the analysis, we have the following observations and proposals:
Proposal 1:  It's proposed to introduce new UE categories for the larger TBS and/or wider bandwidth. The details need to wait for RAN1's discussion results. Features of ACK/NACK bundling and 10 HARQ processes are suggested to be defined as new UE capabilities.
Proposal 2:  Adding early indication in msg3 to improve the scheduling efficiency of msg5 is not strong needed, it's not worth to use the last spare bit of msg3 for this case.
Proposal 3: 
· In the CE mode B, it's suggested to restrict 1.4MHz BW in UL and support larger BW in DL; 
· In the CE mode A or no coverage enhancement cases, leave RAN implementation to decide whether to schedule different BW in UL and DL, e.g. based on the pending data volume in UL/DL; 
Proposal 4: Different BW in UL and DL is proposed to be achieved by RAN scheduling implementation. Alt1 is recommended, i.e. using the DCI format for larger bandwidth in both UL and DL scheduling.
Proposal 5: If an explicit signalling is needed to indicate UE to switch the monitoring between narrow band DCI and larger band DCI, the UE should switch monitoring behaviour in both UL/DL at the same time.
Proposal 6: RAN2 needs to discuss whether there're strong enough requirements from applications which have asymmetric data rates, if yes, one or more UE categories may need to be introduced for the asymmetric UL/DL bandwidth UE.
Proposal 7: The definition of HARQ RTT timer of HD-FDD can refer to that in TDD pattern.  RAN2 needs to wait RAN1's final design of HARQ bundling to decide the final definition of HARQ RTT timer.
Proposal 8: The start/stop of HARQ RTT timer in DRX should be modified according to the HARQ bundling.
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