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1 Introduction

After RAN1#106 meeting, seems that all the Rel-17 RAN1-led WIs including NB-IoT 16QAM, maximum 1736bits and 14-HARQ processes for MTC, are going to the end. To facilitate the UE features discussion, Agenda item 8.17.9 on related Rel-17 UE features were initiated to collect companies’ input. 

In this contribution, some further detail discussion for Rel-17 UE features of NB-IoT and MTC enhancements are presented.

2 Discussions

 R17 features
 16-QAM
For the 16-QAM enabling, we actually have the corresponding agreement [1] in RAN1 103e-meeting as following:
	Agreement
For 16-QAM in NB-IoT, separate optional UE capabilities for UL and DL are supported:
· The support of 16QAM in DL is indicated by an optional UE capability signaling. 

· The support of 16QAM in UL is indicated by an optional UE capability signaling.


It indicates that DL 16QAM and UL 16QAM are indicated as the optional UE capability. 
Observation 1: DL 16QAM and UL 16QAM have been agreed as the optional UE capability respectively.
As discussed for 16-QAM, the DL maximum TBS is 4968 btis and the UL maximum TBS is not increased. When 16-QAM feature is enabled, it is assumed all the TBS entries including 2536 btis can be scheduled. Therefore, the R14 feature for larger maximum TBS should be supported by default when 16-QAM is enabled.
Proposal 1: If 16QAM is supported, Rel-14 feature of 2536bits should be supported by default.

For the power allocation of 16-QAM, the following agreements/work assumptions [2] in RAN1 106e-meeting are achieved.
	Confirm working assumption:
Working Assumption
For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· One power ratio is signaled optionally
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· The same transmit power is assumed across different symbols.
· If the signalling is not indicated, the legacy power allocation is used.
· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports
· UE specific signalling is used
Working Assumption 
For downlink power allocation to support 16QAM:
· For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. 

· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled

· the signalling is UE specific

Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.
Agreement

Down-select one option from Cat 1 as starting point

· Cat 1: Option 1, Option 2/Option 4, Option 5

FFS Cat 2: Option 3, for close-loop power control

· Option 1: Reuse the LTE definition simplified for NB-IoT: [image: image2.png]Argc(i) = 10logo( (25PREE: — 1))
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 is given by higher layer parameter deltaMCS-Enabled, and [image: image12.png]BPRE = ——
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 where K is the code block size.

· Option 2: [image: image14.png]


 is given in table based on MCS index if enabled, 0 otherwise.

· Option 3: A TPC command is introduce to indicate the power offset for NPUSCH with 16-QAM.

· Option 4: [image: image16.png]


 is configured by high layer parameter.

· Option 5: ΔTF = [image: image18.png]10log,o



 for Ks = 1.25 or ΔTF = 0 for Ks = 0, where BPRE =[image: image20.png]CodeRaten,, *Qm
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 is the highest code rate in the TBS/MCS table used for the Modulation Scheme, and [image: image24.png]


 is the number of bits per M-ary symbol of the Modulation Scheme.



For the downlink standalone and guard-band deployments, it is agreed that one power ratio is signaled optionally. For the downlink inband deployments, the work assumption still requires further confirmation. For the uplink, whether/how to introduce dynamic power control and how to introduce open loop power control also need further discussion. From our understanding, the power allocation would be optional for 16-QAM. 
Proposal 2: Downlink power control are mandatory for 16-QAM.

Proposal 3: Uplink power control are optional UE capabilities for 16-QAM.

Whether to use the same UE capability to indicate the 16QAM for connected mode and PUR can be discussed. From our perspective, different parameters can used to separately enable the function. When the UE reports that the UE support the 16QAM capability, it means it can be separately enabled in the connected mode or PUR. Therefore, separate UE capability for 16-QAM for connected mode or PUR is not needed.
Proposal 4: For the 16QAM related UE capability support, separate UE capability for connected mode and PUR is not needed.
 14-HARQ processes
For the 14-HARQ processes, the following agreement [1] in RAN1 103e-meeting is achieved.
	Agreement
The following working assumption is confirmed
Introduce a new optional UE capability to support 14 HARQ processes


Observation 2: 14-HARQ processes has been agreed as the optional UE capability.
Also, for the 14-HARQ process introduction, it is agreed that the scheduling delay and HARQ-delay design would be considered. However, it seems that no need to introduce the corresponding UE capability, since the 14-HARQ processes feature is not workable if the scheduling delay and HARQ-delay design are not introduced.

Proposal 5: Scheduling delay and HARQ-delay design are mandatory for 14-HARQ processes feature.

 Maximum 1736 bits
Regarding the maximum 1736btis, there are some agreements [3] in 104e-meeting.
	Agreement
The 1736 bits DL TBS feature is enabled by unicast RRC configuration.


The above indicates that the 1736 bits DL TBS feature can be enabled. It is nature to assume that this feature also can be disabled. Therefore, it is an optional UE capability.
Proposal 6: 1736 bits DL TBS is an optional UE feature.
 Feature combinations
For the NB-IoT and MTC, there are lot of legacy features. Whether/how they are combined with the R17 features should be discussed and decided.
 16-QAM
For NB-IoT, the legacy features are listed as following. We show our preference in the table 1.
Table 1. Example NB-IoT UE features for 16QAM
	
	Combine with 16QAM
	Note 

	R14 feature for 2-HARQ processes
	support
	

	R14 feature for larger maximum TBS
	support
	If 16QA is supported, R14 feature for larger maximum TBS should be supported by default.

	R14 feature for SC-PTM
	Not Support
	WID only applied for unicast

	R15 feature for Semi-persistent scheduling
	Support 
	

	R15 feature for EDT
	Not support
	Agreement
For both uplink and downlink
· 16-QAM is not applied to C-RNTI from CSS.

· 16-QAM is not applied to EDT.

	R16 feature for MTB scheduling
	Support
	Agreement
Support 16-QAM for multi-TB scheduling.

	R16 feature for PUR
	Support 
	


Proposal 7: For the NB-IoT 16QAM features combination
· R14 feature for SC-PTM and R15 feature for EDT are not supported for 16-QAM
· Other features can be separate and combined enabled together with 16QAM.
 14-HARQ processes
Both R17 features 14-HARQ processes and 1736bits are MTC enhancements. We can discuss them together. As the following table, we show our preference for the feature combination.
Table 2.  Example MTC UE features for 14-HARQ processes
	
	Combine with 14HARQ-processes
	Note 

	Rel-14 feature for new numbers of repetitions for PUSCH in CE mode A
	Support 
	

	Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
	Support 
	

	Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
	Support 
	Bundling was supported for FDD case, HD-FDD case can be discussed in R17

	Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
	Support 
	

	Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
	Support
	When 14-HARQ processes is enabled, this feature should be supported by default.

	Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
	Not support
	New HARQ delay is designed and the function is overlapped.

	Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
	Support 
	

	Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
	Support
	

	Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
	Not support
	If only one repetition is supported, there is no need to early terminate.

	Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
	Support
	

	Rel-16 features for multiple TB scheduling
	Not support
	Conclusion
In Rel-17, the 14 HARQ processes feature is not supported when the multi-TB grant feature is enabled.

	Rel-16 feature for PUR
	Not support
	14-HARQ processes feature is only for downlink. 

	Rel-16 feature for resource reservation
	Support
	


Proposal 8: For 14-HARQ processes feature combination, 

· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD is not needed.

· Rel-15 feature for uplink HARQ-ACK feedback is not supported.
· Rel-16 feature for PUR is not supported.
· Rel-14 feature for 10 downlink HARQ processes in FDD is supported by default if the 14-HARQ processes is configured.
Maximum 1736bits
For feature maximum 1736bits, seems no compatible issues are seen and following conclusion is made
	Conclusion
“NOTE: It is RAN1 assumption that 1736 DL TBS feature is compatible with all other eMTC features applicable for HD-FDD Cat. M1 UEs in CE mode A. It is assumed that there’s no change to DCI formats, TBS tables and CQI tables.”


It is worth to mention that multicast and PUR also supports the 1736 bits feature according to the above conclusion. Moreover, a contribution [4] from us in 105e-meeting mentioned that and the corresponding discussion summary [5] indicates that is the consensus.

Observation 3: Multicast and PUR can support the 1736 bits feature.

3 Conclusion

In this contribution, proposals on LTE-M and NB-IoT UE features are introduced. All the observations and proposals are listed as below.

Observations: 

Observation 1: DL 16QAM and UL 16QAM have been agreed as the optional UE capability respectively.
Observation 2: 14-HARQ processes has been agreed as the optional UE capability.
Observation 3: Multicast and PUR can support the 1736 bits feature.

Proposals:

Proposal 1: If 16QAM is supported, Rel-14 feature of 2536bits should be supported by default.

Proposal 2: Downlink power control are mandatory for 16-QAM.

Proposal 3: Uplink power control are optional UE capabilities for 16-QAM.

Proposal 4: For the 16QAM related UE capability support, separate UE capability for connected mode and PUR is not needed.
Proposal 5: Scheduling delay and HARQ-delay design are mandatory for 14-HARQ processes feature.

Proposal 6: 1736 bits DL TBS is an optional UE feature.
Proposal 7: For the NB-IoT 16QAM features combination
· R14 feature for SC-PTM and R15 feature for EDT are not supported for 16-QAM
· Other features can be separate and combined enabled together with 16QAM.
Proposal 8: For 14-HARQ processes feature combination, 

· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD is not needed.

· Rel-15 feature for uplink HARQ-ACK feedback is not supported.
· Rel-16 feature for PUR is not supported.
· Rel-14 feature for 10 downlink HARQ processes in FDD is supported by default if the 14-HARQ processes is configured.
4 Reference

[1] 3GPP, RAN1 Chairman’s Notes,  3GPP TSG RAN1 Meeting #103-e.
[2]
3GPP, RAN1 Chairman’s Notes,  3GPP TSG RAN1 Meeting #106-e.
[3]
3GPP, RAN1 Chairman’s Notes,  3GPP TSG RAN1 Meeting #104-e.
[3]
3GPP, R1-2104718, Remaining issues on DL TBS of 1736 bits for CE mode A, RAN1 105e-meeting, ZTE

[5]
3GPP, R1-2106256, Feature Lead Summary [105-e-LTE-Rel17_NB_IoT_eMTC-03], RAN1 105e-meeting, Moderator (Sony)

PAGE  
5/6

