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1	Introduction
[bookmark: _Hlk83367016]The Work Item (WI) on “Additional enhancements for NB-IoT and LTE-MTC” [1], is coming to its end from a RAN1 perspective. In relation with it, a preliminary RAN1 UE features list for Rel-17 LTE including both NB-IoT and LTE-MTC were captured in R1-2108678 [2].
For RAN1# 106bis-e, the agenda item 8.17.9 was added as to provide comments in relation with the UE features for NB-IoT and LTE-MTC enhancements. In this contribution we provide our views on the preliminary RAN1 UE features list for NB-IoT and LTE-MTC.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Rel-17 UE features for NB-IoT
Below we discuss the preliminary RAN1 UE feature list first for 16-QAM in DL and then for UL as in [2].
2.1	Support of 16-QAM for unicast in DL
Table 1: Preliminary RAN1 UE features list for 16-QAM in DL.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	[Need for the UE to know if the feature is supported (only for V2X WI, where the PC5-RRC capability signalling is delivered between the UEs)]

	1. NB_IOTenh4_LTE_eMTC6
	1-1
	16-QAM for unicast NPDSCH
	1. Reception of unicast NPDSCH modulated with 16-QAM
2. CQI report to support 16-QAM modulation
3. Downlink power allocation for 16-QAM
	Category NB-2
	Yes
	N/A



Table 1 continues:
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Capability interpretation for mixture of FDD/TDD
	Note
	Mandatory/Optional

	The network cannot schedule a unicast NPDSCH modulated with 16-QAM for the UE
	Per UE
	[Yes]
	N/A
	
	Optional with capability signaling



For the above preliminary UE feature list for 16-QAM in DL, the observations, and proposals we have can be found in section 2.3 which are only related with the column “Need of FDD/TDD differentiation”.
2.2	Support of 16-QAM for unicast in UL
Table 2: Preliminary RAN1 UE features list for 16-QAM in UL.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	[Need for the UE to know if the feature is supported (only for V2X WI, where the PC5-RRC capability signalling is delivered between the UEs)]

	1. NB_IOTenh4_LTE_eMTC6
	1-2
	16-QAM for unicast NPUSCH
	1. Transmission of unicast NPUSCH modulated with 16-QAM
2. New term in the UE’s transmit power control equation.
	Category NB-2
	Yes
	N/A



Table 2 continues:
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Capability interpretation for mixture of FDD/TDD
	Note
	Mandatory/Optional

	The network cannot schedule a unicast NPUSCH modulated with 16-QAM for the UE
	Per UE
	[Yes]
	N/A
	
	Optional with capability signaling



For the above preliminary UE feature list for 16-QAM in UL, the observations, and proposals we have can be found in section 2.3 which are only related with the column “Need of FDD/TDD differentiation”.
2.3	Comments on 16-QAM for unicast in UL and DL
[bookmark: _Toc83906653]For 16-QAM for unicast in UL and DL: In the column “Need of FDD/TDD differentiation,” before proceeding with a “Yes”, it needs to be verified whether the agreements we have reached to support 16-QAM hold for TDD and what would be the impact in other Working Groups.
[bookmark: _Toc83906654]For 16-QAM for unicast in UL and DL: It seems that from a RAN4 perspective there might be a need to add another Test Model (in the BS conformance specs) and NPDSCH demodulation requirements for supporting 16-QAM in TDD.
[bookmark: _Toc83906660]Discuss whether the agreements we have reached to support 16-QAM in UL and DL hold for TDD and what are the impacts in other Working Groups
[bookmark: _Toc83906661]Decide whether 16-QAM for unicast in UL and DL is applicable for both FDD and TDD
3	Rel-17 UE features for LTE-MTC
Below we discuss the preliminary RAN1 UE feature first for “14 HARQ processes in DL for HD-FDD UEs” and then for the “support of maximum DL TBS of 1736 bits for HD-FDD UEs in CE Mode A only” as in [2].
3.1	Support of 14 HARQ processes for PDSCH for HD-FDD Cat. M1 UEs
Table 3: Preliminary RAN1 UE features list for 14 HARQ processes in DL.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	[Need for the UE to know if the feature is supported (only for V2X WI, where the PC5-RRC capability signalling is delivered between the UEs)]

	1. NB_IOTenh4_LTE_eMTC6
	1-3
	14 HARQ processes for PDSCH for HD-FDD Cat. M1 UEs
	1. Support of 14 DL HARQ processes for unicast in HD-FDD in CE mode A in RRC_CONNECTED
2. PDSCH scheduling delay
3. HARQ-ACK delay solution with Alt-1 and Alt-2e
	1. Category M1
2. HD-FDD
3. CE Mode A
4. Support of 10 DL HARQ processes in HD-FDD in CE mode A
5. HARQ-ACK bundling support in HD-FDD in CE mode A

	Yes
	N/A



Table 3 continues:
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Capability interpretation for mixture of FDD/TDD
	Note
	Mandatory/Optional

	The network cannot enable 14 HARQ processes for the UE
	Per UE
	FDD only
	N/A
	· PDSCH scheduling delay:
· 2 BL/CE DL subframes.
· 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
· 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
· HARQ-ACK delay:
· Alt-1: The HARQ-ACK delay is determined through an expression consisting of different subframe types (Using a similar principle as the PDSCH scheduling delay).
· Alt-2e: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.
	Optional with capability signaling



For the above preliminary UE feature list for 14 HARQ processes in DL, we have the following observation and proposal:
[bookmark: _Toc83906655]For the 14 HARQ processes feature: The “Prerequisite feature groups” column has listed: “CE mode A”. However, CE mode A support is already implied by Category M1 support, hence we suggest removing “CE mode A” as it has been done for “UE feature lists” of previous releases (See e.g., [3] and [4]).  
[bookmark: _Toc83906662]For the 14 HARQ processes feature: Remove from the “Prerequisite feature groups” column the following listed item: “CE Mode A”.
[bookmark: _Toc83906656]For the 14 HARQ processes feature: The “Prerequisite feature groups” column has listed: “4. Support of 10 DL HARQ processes in HD-FDD in CE mode A” and “5. HARQ-ACK bundling support in HD-FDD in CE mode A”. However, deployment-wise it is not straightforward to implement and test in live networks “4. and 5.” as separate Rel-14 features, hence “.4 and .5” should not be pre-requisites for the new 14 HARQ processes feature.
[bookmark: _Toc83906663]For the 14 HARQ processes feature: Remove from the “Prerequisite feature groups” column the following listed items: “4. Support of 10 DL HARQ processes in HD-FDD in CE mode A” and “5. HARQ-ACK bundling support in HD-FDD in CE mode A”.
3.2	Support of a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only
Table 4: Preliminary RAN1 UE features list for the support of a max DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE Mode A.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	[Need for the UE to know if the feature is supported (only for V2X WI, where the PC5-RRC capability signalling is delivered between the UEs)]

	1. NB_IOTenh4_LTE_eMTC6
	1-4
	A maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only
	1. Support of 1736 bits max DL TBS for unicast in HD-FDD in CE mode A in RRC_CONNECTED
	1. Category M1
2. HD-FDD
3. CE Mode A
	Yes
	N/A



Table 4 continues:
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Capability interpretation for mixture of FDD/TDD
	Note
	Mandatory/Optional

	The network cannot schedule a PDSCH with TBS larger than 1000 bits for Cat. M1 UEs
	Per UE
	FDD only
	N/A
	
	Optional with capability signaling



For the above preliminary UE feature list on the support of a maximum DL TBS of 1736 bits for HD-FDD UEs in CE Mode A, we have the following observation and proposal:
[bookmark: _Toc83906657]For the max DL TBS of 1736 bits feature: The “Prerequisite feature groups” column has listed: “CE mode A”. However, CE mode A support is already implied by Category M1 support, hence we suggest removing “CE mode A” as it has been done for “UE feature lists” of previous releases (see e.g., [3] and [4]).  
[bookmark: _Toc83906664]For the max DL TBS of 1736 bits feature: Remove from the “Prerequisite feature groups” column the following listed item: “CE Mode A”.
[bookmark: _Toc83906658]For the max DL TBS of 1736 bits feature: It is worth noting that the support of a maximum DL TBS of 1736 bits for HD-FDD UEs in CE Mode A refers to connected mode only (See “Components” column). In our view, it seems sufficient in principle to support the larger DL TBS for connected mode features.
[bookmark: _Toc83906665]For the max DL TBS of 1736 bits feature: Clarify whether the conclusion “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” is meant to apply for “connected-mode” features or both “connected-mode and idle-mode” features.
6	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	For 16-QAM for unicast in UL and DL: In the column “Need of FDD/TDD differentiation,” before proceeding with a “Yes”, it needs to be verified whether the agreements we have reached to support 16-QAM hold for TDD and what would be the impact in other Working Groups.
Observation 2	For 16-QAM for unicast in UL and DL: It seems that from a RAN4 perspective there might be a need to add another Test Model (in the BS conformance specs) and NPDSCH demodulation requirements for supporting 16-QAM in TDD.
Observation 3	For the 14 HARQ processes feature: The “Prerequisite feature groups” column has listed: “CE mode A”. However, CE mode A support is already implied by Category M1 support, hence we suggest removing “CE mode A” as it has been done for “UE feature lists” of previous releases (See e.g., [3] and [4]).
Observation 4	For the 14 HARQ processes feature: The “Prerequisite feature groups” column has listed: “4. Support of 10 DL HARQ processes in HD-FDD in CE mode A” and “5. HARQ-ACK bundling support in HD-FDD in CE mode A”. However, deployment-wise it is not straightforward to implement and test in live networks “4. and 5.” as separate Rel-14 features, hence “.4 and .5” should not be pre-requisites for the new 14 HARQ processes feature.
Observation 5	For the max DL TBS of 1736 bits feature: The “Prerequisite feature groups” column has listed: “CE mode A”. However, CE mode A support is already implied by Category M1 support, hence we suggest removing “CE mode A” as it has been done for “UE feature lists” of previous releases (see e.g., [3] and [4]).
Observation 6	For the max DL TBS of 1736 bits feature: It is worth noting that the support of a maximum DL TBS of 1736 bits for HD-FDD UEs in CE Mode A refers to connected mode only (See “Components” column). In our view, it seems sufficient in principle to support the larger DL TBS for connected mode features.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Discuss whether the agreements we have reached to support 16-QAM in UL and DL hold for TDD and what are the impacts in other Working Groups
Proposal 2	Decide whether 16-QAM for unicast in UL and DL is applicable for both FDD and TDD
Proposal 3	For the 14 HARQ processes feature: Remove from the “Prerequisite feature groups” column the following listed item: “CE Mode A”.
Proposal 4	For the 14 HARQ processes feature: Remove from the “Prerequisite feature groups” column the following listed items: “4. Support of 10 DL HARQ processes in HD-FDD in CE mode A” and “5. HARQ-ACK bundling support in HD-FDD in CE mode A”.
Proposal 5	For the max DL TBS of 1736 bits feature: Remove from the “Prerequisite feature groups” column the following listed item: “CE Mode A”.
Proposal 6	For the max DL TBS of 1736 bits feature: Clarify whether the conclusion “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” is meant to apply for “connected-mode” features or both “connected-mode and idle-mode” features.
 
References
RP-201306, “WID revision: Additional enhancements for NB-IoT and LTE-MTC”, RAN #88e, Electronic Meeting, June 29th – July 3rd, 2020.
R1-2108678, “Preliminary RAN1 UE features list for Rel-17 LTE”, Moderators (AT&T, NTT DOCOMO, INC.), RAN1 #106-e, e-Meeting, August 16th – 27th, 2021.
RP-182174, “Rel-15 LTE UE Feature List,” 3GPP TSG RAN meeting #81, Gold Coast, Australia, September 10-13, 2018.
RP-182204, “Rel-15 LTE UE Feature List,” 3GPP TSG RAN Meeting #82, Sorrento, Italy, December 10 - 13, 2018.
	4/4	
