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This is a summary of email discussion on UE radio capabilities corresponding to the parameters in Section 4.1A (ue-CategoryDL and ue-CategoryUL) in TS36.306 v12.6.0 as extracted below: 
· Downlink physical layer parameter values set by the field ue-CategoryDL
· Uplink physical layer parameter values set by the field ue-CategoryUL
· Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL
· [bookmark: OLE_LINK144]Half-duplex FDD operation type set by the field ue-CategoryDL for a half-duplex FDD capable UE
· Supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
Additionally, UE capability and behaviour are discussed in Section 3 accordingly.
Discussion on UE category
General
Question 1: Do we need to define a new UE category in Section 4.1, TS 36.306 [1]?

Note: Please refer to RAN plenary decision with approved proposal 2/3/4 in [2].


	Company
	Comments

	MediaTek
	No need to define a new UE category. There is no new UE category corresponding to the combination of UE DL and UL Category 0 either.

	Sequans Communications
	No need 

	Lenovo
	No need to define a new UE category.

	Ericsson
	No need to define a new UE category in Section 4.1, TS 36.306. Also strictly speaking Question 1 is not needed. We realized that it has been agreed that from Rel-12 onwards TS 36.306 will NEVER add any new UE category in Section 4.1 UE-category. From Rel-12 onwards only add categories for UL and categories for DL.

	Sony
	In line with RAN plenary decision, we do not need to define a new UE category.

	Nokia
	No need to define a new UE category

	CATT
	No need to define a new UE category per RAN plenary agreement.

	Intel
	It is not necessary to define a new UE category with combined UL/DL capabilities.

	ALU	
	No need to define a new UE category.

	Huawei, HiSilicon
	No new UE category is needed.

	Panasonic
	Not to define a new UE category is ok although we thought  referred RAN agreement is meant in the context of CA.

	ZTE
	No need to define a new UE category.

	Sierra
	No need to define a new UE category.

	Summary
	No need to define a new UE category



Proposal 1: Do not define a new UE category
Downlink physical layer parameter values set by the field ue-CategoryDL
Question 2: Can it be agreed that a new UE DL category, e.g., UE DL category -M is defined in Table 4.1A-1 in TS 36.306? If so, should UE DL category -M be set with the same values as UE DL category 0, but with a note to highlight the maximum 1000bits size for any transport block without simultaneous reception? 

For example, the change can be applied as below for Table 4.1A-1 in TS 36.306.
Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	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 -M (Note 1A)
	1000
	1000
	25344
	1

	[bookmark: OLE_LINK7]DL Category 0 (Note 2)
	1000
	1000
	25344
	1

	…
	…
	…
	…
	…

	NOTE 1:	In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.
NOTE 1A:	Within one TTI, a UE indicating category -M shall be able to receive up to 1000 bits for a single transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI. 
NOTE 2:	Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI.
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	Comments

	MediaTek
	Define a new UE DL category with a note to differentiate with existing DL Category 0 which can support up to 2216 bits for SI.

	Sequans Communications
	Agree with the Note above 

	Lenovo
	No need to define a new UE category. The support of Rel-13 eMTC functionalities can be indicated by the UE capability signalling for Mode A and Mode B. The behaviour of no simultaneous reception of broadcast and unicast PDSCH can be described in 213 for UEs supporting mode A and Mode B.

	Ericsson
	Our view is to define a new “DL Category M1”. Agree with the example above (except naming of “DL Category M1”) and the NOTE 1A. 
Subsequent MTC UE categories can use naming “M2”, “M3”, etc. In RAN4/RAN5 specifications where numerical value of category is needed, a note can be added that M1 is mapped to “-1” (minus 1), so that phrases like “UE Category <2” is valid.

	Sony
	Agreed with the proposed new UE DL category and the additional note.

	Nokia
	Agree with the proposal and note above

	LG
	We also consider a new DL category is necessary. In terms of name, we also think it should allow some flexibility. 

	CATT
	We are fine with introducing a new DL category and the proposed note.

	Intel
	Agree that there’s a need to define a new UE DL category and the suggested note. Also, need to be able to indicate reduced BW support as DL physical layer parameter indication.

	ALU
	Agree with the proposal and note above

	Huawei, HiSilicon
	We can just re-use category 0 here, with if necessary a note on TBS support which can be tied to the reduced bandwidth capability of the UE. The text of the note itself would need approving by RAN2.

	Panasonic
	We share Ericsson's view to call M1 instead of just "M" for future extension possibility.
Maximum number of DL-SCH transport block bits within a TTI may be better to change to 1032 or 935 as 1000 bits TBS entry is only used for 5 PRB assignment. If these are changed, it influences total number of soft channel bits. Depending on the same subframe scheduling is supported or other factors, final check of these numbers as CR would be useful as these activity would not influences RRC specification.

	ZTE
	No need to define a new UE category. With a note to indicate reduced BW

	Sierra
	Agree with the proposal and note. Feel “M” is OK as we can still have “M1” and “M2” after ”M”.

	Summary
	Option 1: Define a new DL UE category with a note to highlight the maximum 1000bits size for any transport block without simultaneous reception and probably the supported bandwidth.
Option 2: Not define a new DL UE category. Instead, a note is added for the differentiation.
· Supported by Huawei/HiSilicon, Lenovo, ZTE



Proposal 2: Define a new UE DL category (i.e., DL Category M1) with a note to highlight the maximum 1000bits size for any transport block without simultaneous reception and 1.4MHz bandwidth support.
[bookmark: OLE_LINK142]Uplink physical layer parameter values set by the field ue-CategoryUL
Question 3: Do we need to define a new UE UL category in Table 4.1A-2, TS 36.306?

Table 4.1A-2: Uplink physical layer parameter values set by the field ue-CategoryUL
	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 0
	1000
	1000
	No

	…
	…
	…
	…



	Company
	Comments

	MediaTek
	Considering the same capability as UL category 0, there is no need to define a new UE UL category.
Updated view: define a new UE UL category considering the different RF capability and RAN4/RAN5 requirements/tests applicability.

	Sequans Communications
	UE category defines also some complexity of UE. And since it is different between category 0 and category M, we tend to say that UL category M should also be defined as it is the one that eventually be paired with DL category M 

	Lenovo
	No need to define a new UE category.

	Ericsson
	Our view is to define a new “UL Category M1”, as shown in the example above. 
While the TBS values of UL Category M1 look the same as UL Category 0, the RAN4/RAN5 RF requirements are different between UL Category M1 and UL Category 0 because of different UE power class, RF bandwidth of only 1.4MHz, and limited number of PRBs.

	Sony
	Up to Rel-12, there is no need to describe any bandwidth (number of PRB) supported by the UE.  This is the first time such limitation exists.  The hardware requirement is therefore different to that of Cat-0.  We believe that there needs to a new category defined in uplink, i.e. Cat-M1.

	Nokia
	Define a new UE UL category to clearly differentiate this new UE from UL Category 0

	LG
	With different requirements and supporting of lower RF bandwidth, our view is that new UL category is also necessary.

	CATT
	We do not have a strong preference between reusing UL category 0 and defining a new UL category. From RAN1/2 point view, it is not necessary to introduce new UL category. However, as mentioned by Ericsson, it may be clearer to introduce a new UL category from RAN4/5 perspectives.

	Intel
	We prefer to define UE UL category due to need to be able to indicate reduced BW support as an UL physical layer parameter indication to differentiate from UE UL Cat 0.

	ALU
	Agree with view that new UL category required to indicate reduced BW support.

	Huawei, HiSilicon
	As with the DL, no new UL table entry is needed.

	Panasonic
	We share the view from Ericsson that separate category is better from the testing aspect. We support the view to call M1.
As described in DL, the final check of the numbers are useful in CR phase.

	ZTE
	There is no need to define a new UE UL category.

	Sierra
	Define a new UE UL category 

	Summary
	Option 1: Define a new UE UL category with a note to highlight 1.4MHz bandwidth support.
Option 2: Do not define a new UE UL category. 
· Supported by Huawei/HiSilicon and Lenovo


Proposal 3: Define a new UE UL category (i.e., UE UL category M1) with a note to indicate only 1.4MHz bandwidth support.
Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL
Question 4: Can it be agreed that a new combination of DL/UL categories (e.g., DL category -M and UL category 0) is added in Table 4.1A-3, TS 36.306 (see an example below)? 

For example,
Table 4.1A-3: Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL
	UE DL Category
	UE UL Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	DL Category -M
	UL Category 0
	xxx
	N/A

	DL Category 0
	UL Category 0
	20 000
	N/A

	…
	…
	…
	…



	Company
	Comments

	MediaTek
	We need to define a new combination of DL category -M and UL category 0. The total layer 2 buffer size could be same or even smaller than DL/UL category 0 combination due to only 1000bits TBS and non-simultaneous reception. It could be up to RAN2 to define the exact number.

	Lenovo
	New need to define new UE category or DL/UL combination. We can consider restricting the DL/UL UE category combination for Cat0 UEs supporting Mode A and/or Mode B, i.e. UEs support mode A and/or Mode B can only indicate Cat0 for both DL and UL UE cat. 

	Ericsson
	Our view is to define a new combination of “DL Category M1” and “UL Category M1”. 
The TBS numbers of Cat M1 are proposed to be the same as those of Cat 0, the number of HARQ process for no/low repetition is the same as Cat 0 as well. Hence it is reasonable to put a note to RAN2 that “Total layer 2 buffer sizes” should be 20 000 bytes from RAN1 perspective. The intention is to reduce number of issues to discuss at meeting. Suggest that this is captured in the summary / proposal section of email discussion.

	Sony
	Agree to define the proposed DL & UL UE combination.  RAN2 can handle layer 2 buffer size based on RAN1 decision on the number of HARQ processes.

	Nokia
	Agree to define new combination DL Category M & UL Category M. OK to have total layer 2 buffer size of 20000 bytes.

	LG
	Agree to define the proposed DL & UL UE combination. 

	CATT
	Fine with a new DL&UL UE category combination.

	Intel
	Agree to define new combination for DL and UL Cat M. Agree with Ericsson and Nokia on L2 buffer size of 20000 bytes.

	ALU
	Agree to define new combination DL Category M & UL Category M. OK to have total layer 2 buffer size of 20000 bytes.

	Huawei, HiSilicon
	Since no new UL or DL category table entries are needed, there is no need for a new entry in the combinations. We just re-use Cat. 0.

	Panasonic
	We agree Ericsson view to define DL M1 and UL M1. 
Our understanding is total L2 buffer size depends on the latency assumption and bit-rate. We don't know which case is the worst case requirement (no repetition with higher bit rate or large repetition with lower bit rate or something else) from L2 protocol perspective. We prefer this part of the decision is up to RAN2.

	ZTE
	No need to define new UE category or DL/UL combination.

	Sierra
	Our view is to define a new combination of “DL Category M” and “UL Category M”. 


	Summary
	Option 1: Define a new combination of DL category and UL category. 
Option 2: Do not Define a new combination of DL category and UL category.
· Supported: Huawei/Hisilicon, Lenovo



Proposal 4: Define a new combination of DL category M1 and UL category M1. The total L2 buffer size of 20000 bytes is up to RAN2 confirmation.

Half-duplex FDD operation type set by the field ue-CategoryDL for a half-duplex FDD capable UE 
Question 5: Can it be agreed that “Half-duplex FDD operation type” is Type B for Rel-13 LC/CE UE?

For example, Table 4.1A-5 in TS36.306 can be updated as below if Type B is supported:
Table 4.1A-5: Half-duplex FDD operation type set by the field ue-CategoryDL for a half-duplex FDD capable UE
	UE DL Category
	Half-duplex FDD operation type

	DL Category –M
	Type B

	DL Category 0
	Type B

	…
	…


	
	Company
	Comments

	MediaTek
	Type B is supported considering the low cost MTC.

	Sequans Communications
	Type B 

	Lenovo
	OK to have Type B half duplex FDD for Rel-13 eMTC UEs.

	Ericsson
	Agree that DL Category M1 uses Type B. 

	Sony
	Agree with the proposal that DL UE Cat-M is Type B.

	Nokia
	Type B

	LG
	Type B

	CATT
	Type B

	Intel
	Type B

	ALU
	Type B

	Huawei, HiSilicon
	Since no new UL or DL category table entries are needed, there is no need for a new entry here. We just re-use Cat. 0.

	Panasonic
	Type B

	ZTE
	No need to define new UE category or DL/UL combination.

	Sierra
	Type B

	Summary
	Option 1: Type B is supported for a new UE DL category M1
Option 2: Type B is supported without introduction of a new UL DL category.
· Huawei/Hisilicon


Proposal 5: Half-duplex FDD operation Type B is supported. 
Supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated 
[bookmark: OLE_LINK3]Question 6: Can it be agreed that there is no indication of UE categories for the combination of DL category -M and UL category 0?
For example, 
Table 4.1A-6: supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories

	DL Category -M
	UL Category 0
	N/A

	DL Category 0
	UL Category 0
	N/A

	…
	…
	…



	Company
	Comments

	MediaTek
	Agree the change for Table 4.1A-6 in the example.

	Sequans Communications
	See answer to question 2.3

	Lenovo
	No need to have new UE cat. 

	Ericsson
	Agree with no indication of UE category for the combination of DL Category M1 and UL Category M1. 
Prefer naming of “DL Category M1” and “UL Category M1”.

	Sony
	No need to indicate combination of DL & UL Cat-M1.


	Nokia
	No need to indicate UE category for DL Category M & UL Category M.

	LG
	No need to indicate DL Cat M & UL Cat M

	CATT
	No need to indicate DL Cat M & UL Cat M

	Intel
	Agree that there’s no need to indicate any UE category for combination of DL Cat M and UL Cat M

	ALU
	No need to have new UE cat.	

	Huawei, HiSilicon
	Since there is no need for the new category entries, this question does not occur.

	Panasonic
	Support the view from Ericsson.

	ZTE
	No need to have new UE cat.

	Sierra
	No need to indicate combination of DL & UL Cat-M1.

	Summary
	No indication of UE category for a combination of DL/UL category.



Proposal 6: No indication of UE category for a combination of DL category M1 and UL category M1.

Discussion on UE capability and behaviour
Question 7: For HD-FDD, should the uplink transmission be prioritized than the downlink reception?

	Company
	Comments

	Ericsson
	Similar to legacy behaviour, the UE is expected to monitor DL transmission (e.g., M-PDCCH monitoring) unless explicitly signalled to perform UL transmission. When the UE is requested to perform UL transmission, the UL transmission is prioritized over DL reception.

	Sony
	Agreed with Ericsson.

	Nokia
	Agree with Ericsson

	CATT
	Unless a predefined UL-DL configuration is introduced for HD-FDD, the legacy behaviour can be adopted.

	Intel
	Agree with Ericsson.

	ALU
	Agree with Ericsson.

	Huawei, HiSilicon
	What is requested here is not clear. The legacy behavior does not appear to have a problem that arises from the changes made in Rel-13 eMTC.

	Panasonic
	Agree with Ericsson

	ZTE
	Agree with Ericsson.

	LG
	Generally, UL transmission has higher priority over DL reception. In terms of periodic UL transmission such as CSI feedback, SPS PUSCH, we consider downlink data can have higher priority if downlink data is scheduled explicitly via DL grant. 

	Sierra
	Agree with Ericsson

	MediaTek
	Agree with Ericsson

	Summary
	Option 1: Similar to legacy behaviour, UE is expected to monitor DL transmission (e.g., M-PDCCH monitoring) unless explicitly signalled to perform UL transmission. When the UE is requested to perform UL transmission, the UL transmission is prioritized over DL reception.
Option 2: Periodic UL transmission such as CSI feedback, SPS PUSCH, we consider downlink data can have higher priority if downlink data is scheduled explicitly via DL grant.
· Supported: LG



Proposal 7: For HD-FDD, Similar to legacy behaviour, UE is expected to monitor DL transmission (e.g., M-PDCCH monitoring) unless explicitly signalled to perform UL transmission. When the UE is requested to perform UL transmission, the UL transmission is prioritized over DL reception.

Question 8: Is there any need to define a UE capability for CE mode A and CE Mode A&B separately?


	Company
	Comments

	Ericsson
	CE mode A is mandatorily supported by Rel-13 LC UE, while CE mode B is optionally supported by Rel-13 LC UE.

	Sony
	CE Mode A is mandatory for Rel-13 LC-MTC UE.
CE Mode B is optional for Rel-13 LC-MTC UE.

	Nokia
	CE Mode A is mandatory, CE Mode B is optional

	CATT
	CE Mode A is mandatory; CE Mode B is optional for Rel-13 LC MTC UE. For other Rel-13 UEs, CE Mode B can be optionally supported.

	Intel
	For Rel-13 LC MTC UEs, CE mode A is mandatory while CE mode B can be optional. 
Further, CE mode A should be conditionally mandatory to CE mode B, i.e. A UE can support only CE mode A, while if CE mode B is supported, CE mode A is supported as well.

	ALU
	CE Mode A is mandatory, CE Mode B is optional

	Huawei, HiSilicon
	Yes. Capability for CE Mode A can be called “narrowband” capability, mandatory for Rel-13 MTC and optional for “other” UE that may mimic. Capability for CE Mode B is optional for all UEs, and has a pre-requisite of “narrowband” capability support.

	Panasonic
	Rel.13 LC UE: CE mode A is mandatory. CE mode B is optional.
For other Rel.13 UEs: CE mode B is optional.
Whether the signalling as optional is required or it is implicitly known to the network by the mobility procedure (For example, the UE to support CE mode B only connect to CE mode B network) is up to RAN2 discussion.

	ZTE
	CE Mode A is mandatory, CE Mode B is optional

	LG
	CE mode A is mandatory for Rel-13 LC UEs. CE mode B is optional. 

	Sierra
	Rel.13 LC UE: CE mode A is mandatory. CE mode B is optional.
[bookmark: _GoBack]

	MediaTek
	For Rel13 LC/CE UE, CE mode A is mandatory and CE mode B is optional. 
For Rel13CE UE, CE mode B is optional.

	Summary
	CE mode A is mandatory for Rel13 LC UEs and CE mode B is optional for Rel13 LC/CE UEs.



Proposal 8:  CE mode A is mandatory for Rel13 LC UEs and CE mode B is optional for Rel13 LC/CE UEs.
· Detail FFS in RAN2
Conclusions and Proposals
Based on the email discussion, the following proposals are given for consideration and approval:
Proposal 1: Do not define a new UE category
Proposal 2: Define a new UE DL category (i.e., DL Category M1) with a note to highlight the maximum 1000bits size for any transport block without simultaneous reception and 1.4MHz bandwidth support.
Proposal 3: Define a new UE UL category (i.e., UL Category M1) with a note to indicate only 1.4MHz bandwidth support.
Proposal 4: Define a new combination of DL category M1 and UL category M1. The total L2 buffer size of 20000 bytes is up to RAN2 confirmation.
Proposal 5: Half-duplex FDD operation Type B is supported. 
Proposal 6: No indication of UE category for a combination of DL category M1 and UL category M1.
Proposal 7: For HD-FDD, Similar to legacy behaviour, UE is expected to monitor DL transmission (e.g., M-PDCCH monitoring) unless explicitly signalled to perform UL transmission. When the UE is requested to perform UL transmission, the UL transmission is prioritized over DL reception.
Proposal 8:  CE mode A is mandatory for Rel13 LC UEs and CE mode B is optional for Rel13 LC/CE UEs.
· Detail FFS in RAN2
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