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1 Introduction
In [84#12] [LTE/MBMS] Summary of email discussion on MBMS reception on any configured or configurable Scell [1], most companies consider that the current approach to capturing reception/transmission combinations is complex and hard to read. It is proposed to discuss further on how to improve the representation of the reception requirement in TS36.302.
In the subsequent sections, several criteria for improving the representation are proposed and the representations for the different combinations of the criteria are illustrated. Only the DL reception type combinations are shown in the illustration. It is assumed that some of the criteria can also be applied to UL.
It is requested that companies give their views on which combinations of the criteria improve the representation before the deadline of Tuesday, 2014-03-18, 23:59 Pacific Time to give a couple days for concluding and preparing possible CR before the final deadline of 2013-03-20.
2 Existing representation for the Downlink
In the latest TS36.302 [1, including the change in CR0049], the following table describes the possible combinations of physical channels that can be received in parallel in the downlink in the same subframe by one UE.

Table 8.2-1: Downlink "Reception Types"

	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel

	A
	PBCH
	N/A
	BCH

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH

	C
	PDCCH+PDSCH
	P-RNTI
	PCH

	D
	PDCCH+PDSCH
	RA-RNTI (Note 3)
	DL-SCH

	
	
	Temporary C-RNTI (Note 3) (Note 4)
	DL-SCH

	
	(PDCCH/EPDCCH) +PDSCH
	C-RNTI and Semi-Persistent Scheduling C-RNTI
	DL-SCH 

	D1
	(PDCCH/EPDCCH) +PDSCH

(Note 9)
	C-RNTI
	DL-SCH 

	E
	PDCCH/EPDCCH (Note 1)
	C-RNTI
	N/A

	F
	PDCCH
	Temporary C-RNTI (Note 5)
	UL-SCH

	
	PDCCH/EPDCCH
	C-RNTI and Semi-Persistent Scheduling C-RNTI
	UL-SCH

	F1
	PDCCH/EPDCCH

(Note 9)
	C-RNTI
	UL-SCH

	G
	PDCCH
	TPC-PUCCH-RNTI
	N/A

	H
	PDCCH
	TPC-PUSCH-RNTI
	N/A

	I
	PDCCH/EPDCCH
	Semi-Persistent Scheduling C-RNTI (Note 6)
	N/A

	J
	PDCCH/EPDCCH
	Semi-Persistent Scheduling C-RNTI (Note 7)
	N/A

	K
	PDCCH
	M-RNTI (Note 8)
	N/A

	L
	PMCH
	N/A (Note 8)
	MCH

	Note 1:
PDCCH or EPDCCH is used to convey PDCCH order for Random Access.

Note 2:
Void.

Note 3: 
RA-RNTI and Temporary C-RNTI are mutually exclusive and only applicable during Random Access procedure.

Note 4: 
Temporary C-RNTI is only applicable when no valid C-RNTI is available.
Note 5: 
Temporary C-RNTI is only applicable during contention-based Random Access procedure.

Note 6:
Semi-Persistent Scheduling C-RNTI is used for DL Semi-Persistent Scheduling release.

Note 7:
Semi-Persistent Scheduling C-RNTI is used for UL Semi-Persistent Scheduling release.

Note 8:
In MBSFN subframes only
Note 9:
DL-SCH reception corresponding to D1, and UL-SCH transmission corresponding to F1, are only applicable to SCells.


Table 8.2-2: Downlink "Reception Type" Combinations
	Combination
	Mandatory/Optional
	Comment

	1xA + 1xB + 1xC
	Mandatory
	RRC_IDLE

	1xK + 1xL
	Mandatory for MBMS UEs
	RRC_IDLE

	1xA + 1xB + 1x(D or (1-m)xE or G or I) + (p-1-m)xD1 + mxE + 1x(F or H or J) + (q-1)xF1
	Mandatory. (NOTE 3)
	RRC_CONNECTED

	1xA + 1xB + 1x(D or (1-m)xE or G or I) + 1x(F or H or J) + 1xF+ (p-1-m)xD1 + mxE + 2x(q-1)xF1
	Mandatory for UEs supporting FS2. (NOTE 3) (NOTE 4)
	RRC_CONNECTED

(NOTE 1)

	((1x((1-m)xE or G or I) + txL) or 1xD) + 1x(F or H or J) + 

rxK + (p-1-m)xD1 + mxE + (q-1)xF1 + (r-t)xL + 

(r-t+1)x(A+B)
	Mandatory for MBMS UEs. (NOTE 3) (NOTE 4)
	RRC_CONNECTED
(NOTE 2)

	((1x((1-m)xE or G or I) +txL) or 1xD) + 1x(F or H or J) + 1xF + rxK + (p-1-m)xD1 + mxE + 2x(q-1)xF1 + (r-t)xL + 

(r-t+1)x(A+B)
	Mandatory for MBMS UEs supporting FS2. (NOTE 3)
	RRC_CONNECTED

(NOTE 1)
(NOTE 2)

	1xA + 1xB + 1xC + 1x(D or (1-m)xE or G or I)+(p-1-m)xD1 + mxE + 1x(F or H or J)+(q-1)xF1
	Mandatory for ETWS and CMAS UEs

Optional for all other UEs.

(NOTE 3)
	RRC_CONNECTED


	1xA + 1xB + 1xC + 1x(D or (1-m)xE or G or I) + 1x(F or H or J) + 1xF + (p-1-m)xD1 + mxE + 2x(q-1)xF1
	Mandatory for ETWS and CMAS UEs supporting FS2

Optional for all other UEs.

(NOTE 3)
	RRC_CONNECTED

(NOTE 1)

	NOTE 1:
For TDD UL/DL configuration 0, two PDCCHs or EPDCCHs can be received in the same subframe for UL-SCH in two different uplink subframes.
NOTE 2:
The combination is the requirement when MBMS reception is on PCell and/or any other cell. r is the number of DL CCs on which the UE supports MBMS reception according to the MBMSInterestIndication. t = 1 if there is PMCH reception in the PCell, otherwise t  = 0. PDSCH and PMCH are mutually exclusive in the same subframe on a cell.
NOTE:
p is the number of DL CCs supported by the UE. q is the number of UL CCs supported by the UE. q = p = 1 implies non-CA capable UE. m = 0 or 1 for UE supporting multiple TAGs, otherwise m=0.

NOTE:
The UE is only required to receive one PDSCH, pertaining to D or D1, per DL CC.

NOTE 3:
Combination involving EPDCCH is optional and required only for UE supporting EPDCCH.

NOTE 4:  It is not required to simultaneously receive EPDCCH and PMCH on the same cell.


2.1 Possible criteria for improving the representation
Some criteria for improving the readability of the DL table:

Criterion#1: Split the reception type combination into the different cell type (Pcell, Scell and non-serving cell) and other type of cells that will be configured in the future (e.g. Pcell in SeNB, Scell in SeNB etc.).
Criterion#2: Split the reception type combination into different DL or UL related combinations.  
Criterion#3: Remove or reduce the use of variables (e.g. m is whether UE is configured with multiple TAGs and t is whether PMCH reception is on PCell) in the representation
Criterion#1 seems to be a logical way to make the representation more readable by clearly indicating the part of the reception type combinations that are related to a particular cell type. A similar approach has been taken in TS25.302 [3, Section 8.2]. 

Criterion#2 is to split the reception type combination according to whether it is associated to UL/DL transport channels. For PDCCH with no associated transport channel related, it can be clarified whether the control signalling is for UL or DL.

Criterion#3 is to remove or reduce the need to use variables as they can be quite difficult to understand or to follow.
Illustrations on what it will look like with the different combinations of the criteria are shown in the subsequent sub-sections:
2.1.1 Apply Criteria #1, #2 and #3

The following shows one illustration of applying Criterion#1, Criterion#2 and Criterion#3 to the existing representation in TS36.302. This is based on the Samsung’s proposal in [1] with some modifications (e.g. UE handling is still in the notes etc.). 

	Combination
	Mandatory/Optional
	Comment
	Rapporteur’s comments on the changes

	(P)Cell: DL related
	PCell: UL related
	SCell: DL related
	SCell: UL related
	Non-serving cell: DL related
	Non-serving cell: UL related
	
	
	

	1xA+1xB+1xC
	
	
	
	
	
	Mandatory
	RRC_IDLE
	No change from the original table, just grouping under the cell the UE is camped on in idle mode.

	1xK + 1xL
	
	
	
	
	
	Mandatory for MBMS UEs
	RRC_IDLE
	No change from the original table, just grouping under the cell the UE is camped on in idle mode.

	1xA + 1xB + 1x(D or E or G or I)
	1x(F or H or J)
	1x(E or D1)
	1xF1
	
	
	Mandatory. (NOTE 3)
	RRC_CONNECTED
	Change includes: 
- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	1xA + 1xB + 1x(D or E or G or I)
	1x(F or H or J)+1xF
	1x(E or D1)
	1xF1
	
	
	Mandatory for UEs supporting FS2. (NOTE 3)
	RRC_CONNECTED (NOTE 1)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	(1x(E or G or I) + 1xL + 1xK) or (1xA + 1xB + 1xD)
	1x(F or H or J)
	(1xE + 1xL + 1xK) or (1xD1 + 1xA + 1xB)
	1xF1
	(A+B) or (L+K)
	
	Mandatory for MBMS UEs. (NOTE 3) (NOTE 4)
	RRC_CONNECTED
(NOTE 2)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)
- removes the need to have the note ‘PDSCH and PMCH are mutually exclusive in the same subframe on a cell.’ in NOTE 2.

	(1x(E or G or I) + 1xL + 1xK) or (1xA + 1xB + 1xD)
	1x(F or H or J) +1xF
	(1xE + 1xL + 1xK) or (1xD1 + 1xA + 1xB)
	1xF1
	(A+B) or (L+K)
	
	Mandatory for MBMS UEs supporting FS2. (NOTE 3) (NOTE 4)
	RRC_CONNECTED
(NOTE 1) (NOTE 2)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

- removes the need to have the note ‘PDSCH and PMCH are mutually exclusive in the same subframe on a cell.’ in NOTE 2.

	1xA + 1xB + 1xC + 1x(D or E or G or I)
	1x(F or H or J)
	1xE or 1xD1
	1xF1
	
	
	Mandatory for ETWS and CMAS UEs

Optional for all other UEs.

(NOTE 3)
	RRC_CONNECTED

	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	1xA + 1xB + 1xC + 1x(D or E or G or I)
	1x(F or H or J)+1xF
	1xE or 1xD1
	1xF1
	
	
	Mandatory for ETWS and CMAS UEs supporting FS2

Optional for all other UEs.

(NOTE 3)
	RRC_CONNECTED
(NOTE 1)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	NOTE 1:
For TDD UL/DL configuration 0, two PDCCHs or EPDCCHs can be received in the same subframe for UL-SCH in two different uplink subframes.
NOTE 2:
The combination is the requirement when MBMS reception is on PCell and/or any other cell. r is the number of DL CCs on which the UE supports MBMS reception according to the MBMSInterestIndication. 
NOTE:
p is the number of DL CCs supported by the UE. The number of D1 is ≤ (p-1). q is the number of UL CCs supported by the UE. For UE not supporting FS2, the number of F1 is  ≤ (q-1). For UE supporting FS2, the number of F1 is ≤ 2x(q-1). q = p = 1 implies non-CA capable UE.  Only 1xE is possible at any subframe over all serving cells.
NOTE:
The UE is only required to receive one PDSCH, pertaining to D or D1, per DL CC.

NOTE 3:
Combination involving EPDCCH is optional and required only for UE supporting EPDCCH.

NOTE 4:  It is not required to simultaneously receive EPDCCH and PMCH on the same cell.
	


Please comment on this approach:

	Companies
	Comments

	Alcatel-Lucent
	It seems quite difficult to split between UL and DL for a cell type. E.g. some UL related reception types is compared (i.e OR) with the DL related reception types. E.g. (D or E or G or I) where D and I (DL SPS release) are related to DL while E (related to random access) and G (TPC of PUCCH) are related to UL. Criterion#2 may not be easy to implement.

	Ericsson
	In principle, the idea looks OK. With respect to UL and DL, it seems that originally it has been intention to separate UL and DL related DCIs but the current way is rather complex as there is two sets of NOTEs. So in that sense for new way is clearer but of course, this would also bring some complexity if there are interactions.
One way to do this is to list all channels like PDCCH, PUSCH/PDSCH in X axis (columns) and cases (IDLE, CA, MBMS etc) in Y axis (rows). PDCCH can be further split to UL and DL DCIs. See example below (not maybe exactly correct).
PDCCH (DL)
PDCCH (UL)
PDSCH
PUSCH
PDCCH+

PDSCH
PDCCH+

PUSCH
IDLE
CONNECTED
PCell
1x(D or E or G or I)
1x(F or H or J)
1xA + 1xB + 
SCell
1x(E or D1)
1xF1


	
	

	
	

	
	


2.1.2 Apply Criteria#1 and #3

The following shows one illustration of applying Criterion#1 and Criterion#3 to the existing representation in TS36.302. This is similar to the table in Section 2.1.2 except that Criterion#2 (splitting the table in terms of DL and UL related) is not included.
	Combination
	Mandatory/Optional
	Comment
	Rapporteur’s comments on the changes

	(P)Cell
	SCell
	Non-serving cell
	
	
	

	1xA+1xB+1xC
	
	
	Mandatory
	RRC_IDLE
	No change from the original table, just grouping under the cell the UE is camped on in idle mode.

	1xK + 1xL
	
	
	Mandatory for MBMS UEs
	RRC_IDLE
	No change from the original table, just grouping under the cell the UE is camped on in idle mode.

	1xA + 1xB + 1x(D or E or G or I) + 1x(F or H or J)
	1x(E or D1)+1xF1
	
	Mandatory. (NOTE 3)
	RRC_CONNECTED
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	1xA + 1xB + 1x(D or E or G or I) + 1x(F or H or J) +1xF
	1x(E or D1)+1xF1
	
	Mandatory for UEs supporting FS2. (NOTE 3)
	RRC_CONNECTED (NOTE 1)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	(1x(E or G or I) + 1xL + 1xK) or (1xA + 1xB + 1xD) + 1x(F or H or J)
	(1xE + 1xL + 1xK) or (1xD1 + 1xA + 1xB) + 1xF1
	(A+B) or (L+K)
	Mandatory for MBMS UEs. (NOTE 3) (NOTE 4)
	RRC_CONNECTED
(NOTE 2)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

- removes the need to have the note ‘PDSCH and PMCH are mutually exclusive in the same subframe on a cell.’ in NOTE 2.

	(1x(E or G or I) + 1xL + 1xK) or (1xA + 1xB + 1xD) + 1x(F or H or J) + 1xF
	(1xE + 1xL + 1xK) or (1xD1 + 1xA + 1xB) + 1xF1
	(A+B) or (L+K)
	Mandatory for MBMS UEs supporting FS2. (NOTE 3) (NOTE 4)
	RRC_CONNECTED
(NOTE 1) (NOTE 2)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

- removes the need to have the note ‘PDSCH and PMCH are mutually exclusive in the same subframe on a cell.’ in NOTE 2.

	1xA + 1xB + 1xC + 1x(D or E or G or I) + 1x(F or H or J)
	1x(E or D1) + 1xF1
	
	Mandatory for ETWS and CMAS UEs

Optional for all other UEs.

(NOTE 3)
	RRC_CONNECTED

	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	1xA + 1xB + 1xC + 1x(D or E or G or I) + 1x(F or H or J) + 1xF
	1x(E or D1) + 1xF1
	
	Mandatory for ETWS and CMAS UEs supporting FS2

Optional for all other UEs.

(NOTE 3)
	RRC_CONNECTED
(NOTE 1)
	Change includes: 

- Remove the variables in the reception type combination (p, q and m are explained in the NOTE)

	NOTE 1:
For TDD UL/DL configuration 0, two PDCCHs or EPDCCHs can be received in the same subframe for UL-SCH in two different uplink subframes.
NOTE 2:
The combination is the requirement when MBMS reception is on PCell and/or any other cell. r is the number of DL CCs on which the UE supports MBMS reception according to the MBMSInterestIndication. 
NOTE:
p is the number of DL CCs supported by the UE. The number of D1 is ≤ (p-1). q is the number of UL CCs supported by the UE. For UE not supporting FS2, the number of F1 is ≤ (q-1). For UE supporting FS2, the number of F1 is ≤ 2x(q-1). q = p = 1 implies non-CA capable UE.  Only 1xE is possible at any subframe over all serving cells.
NOTE:
The UE is only required to receive one PDSCH, pertaining to D or D1, per DL CC.

NOTE 3:
Combination involving EPDCCH is optional and required only for UE supporting EPDCCH.

NOTE 4:  It is not required to simultaneously receive EPDCCH and PMCH on the same cell.
	


Please comment on this approach:
	Companies
	Comments

	Ericsson
	This could be potential approach to continue. If we go this way, could consider if NOTEs could be moved closer to the table to the corresponding row or column. Seems that current proposal is also a mixture of parameterization (e.g. parameter q) as well as written limitations (e.g. related to E). This makes notes to quite hard to read. Also formulas inside the notes should be limited. 

	
	

	
	

	
	

	
	


 
2.2 Any other criteria or approaches
As there may be alternative ways or illustrations to represent the DL reception combinations and other criteria that can be included to improve the representation, companies can provide them in the table below:

	Companies
	Other criteria or approaches/illustrations

	
	

	
	

	
	

	
	

	
	


2.3 Preferred approaches

Companies can provide their preference in the table below:

	Companies
	Preference

	
	

	
	

	
	

	
	

	
	


3 Summary
As conclusion, this email discussion is summarized as follows:
It is suggested that the topic will be discussed further offline among interested companies (before or after this meeting
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