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Discussion and decision
1 Introduction

In recent meetings, the detailed operation of the LTE radio interface becomes more clear [1][2]. 
In this contribution we will try to do a similar exercise as was included in Table 2 in section 8.1. of 25.302 [3]: we will try to determine which combinations of physical and transport channels every UE shall be able to receive in parallel in one subframe.
2 Current LTE situation
For the downlink, several transport channels (sub-) types have now been defined [1]:

T1) Primary broadcast Channel (P-BCH)
T2) Dynamic broadcast Channel (D-BCH)

T3) Downlink Shared Channel (DL-SCH)
T4) Paging Channel (PCH)
T5) Multicast Channel (MCH)
RAN1 has agreed on 3 physical channels [2]:



P1) Physical Downlink Shared Channel (PDSCH)


P2) Physical Downlink Contyrol Channel (PDCCH)


P3) Common Control Physical Channel (CCPCH)

The PDCCH is expected to contain the following control signalling:


- DL allocations


- UL allocations


- ACK/NACK signalling


- Power Control signalling (details FFS)

The assumed mapping is shown in figure 1.
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Figure 1: Transport Channel -> Physical channel mapping
3 UE DL Reception Capability: a first attempt
In [3], we indicated the combination of physical/transport channels that a UE shall be able to receive in parallel.  It seems interesting to perform a similar exercise for LTE. 

A first attempt to list this for LTE is provided in table 1 below. The main assumptions while making this table have been:

a) According to the agreement in RAN1, the UE is only required to monitor a limited set of candidate control channels, thus not the complete PDCCH. This set is configured by higher layers. 
We will indicate this subset of PDCCH channels with PDCCHDLSCH since we assume that this subset could be different from the PDCCH resources to be monitored for paging, D-BCH or MCH. These latter resources we will indicate with PDCCHPCH , PDCCHDBCH and PDCCHMCH respectively

b) W.r.t. the reception of DL-SCH, the UE can be in “DRX” or “Active”. During Active periods, the UE will monitor PDCCHDLSCH in every subframe and when required also PDSCHDLSCH. In DRX periods, PDCCHDLSCH and PDSCHDLSCH are not monitored.

· In line with all proposals made for optimised DL scheduling control discussed during RAN2#57, we assume that the UE will never only attempt to receive PDSCHDLSCH i.e. the UE will also attempt to receive PDCCHDLSCH.

c) We assume that the DRX/Active periods for DL-SCH are managed indepently from DRX related to BCH or MCH. I.e.:

· In the exceptional condition that the BCH information is updated, the UE will acquire the new BCH information asap, i.e. potentially outside the ActiveDLSCH. 

· MTCH reception (probably according to some preconfigured schedule) is handled independently from any DRX/ActiveDLSCH.
d) As a result of the RAN1 agreement to have a “TDM approach”, we assume that DL-SCH and MCH will not be multiplexed in the same subframe. 

· RAN1 has agreed that the number of unicast control symbols will be limited (to 2) in frames with MBSFN Reference Symbols. 
This could be interpreted as an indication that the focus will be on ACK/NACK and UL grant signalling in these frames rather than on DL transmissions. However in this contribution we still assume that it will be possible to have D-BCH and PCH transmissions in parallel to MCH. However this can be debated and is therefore also listed as an open issue.

e) There seems to be no reason to restrict reception of D-BCH in parallel to PCH or DL-SCH.
f) There seems to be no reason to restrict reception of P-BCH in parallel to any other transport channel.
· Note that although we assume there is no restriction on transport/physical channel type level to restrict the combinations indicated in e) and f), there could still be UE capability restrictions e.g. w.r.t. the total resulting rate of the combined reception.

g) For the MIMO case, we assume the UE is still receiving only one PDCCHDLSCH and one PDSCHDLSCH transmission.
The resulting table is shown below:

	
	Physical Channel Combination /
Transport Channel Combination
	Reception required when
	Remarks

	LTE_IDLE
	[CCPCHPBCH]


	at cell acquisition or after BCH change notification


	

	
	+
	
	

	
	[PDCCHDBCH + [PDSCHDBCH]]


	at cell acquisition or after BCH change notification


	NOTE 1

	
	+
	
	

	
	[PDCCHPCH + [PDSCHPCH]]


	at paging DRX


	NOTE 2

	
	+
	
	

	
	[[PDCCHMCH] + [PDSCHMCH]]
	at MCCH acquisition or according to MCH schedule
	NOTE 3

	
	
	
	

	LTE_ACTIVE:1
	[CCPCHPBCH]


	at cell acquisition or after BCH change notification


	

	
	+
	
	

	
	[PDCCHDBCH + [PDSCHDBCH]]


	at cell acquisition or after BCH change notification


	NOTE 1

	
	+
	
	

	
	[PDCCHDLSCH + [PDSCHDLSCH]]


	According to (DRX/Active)DLSCH schedule


	NOTE 4

	
	
	
	

	LTE_ACTIVE:2
	[CCPCHPBCH]


	at cell acquisition or after BCH change notification


	

	
	+
	
	

	
	[PDCCHDBCH + [PDSCHDBCH]]


	at cell acquisition or after BCH change notification


	NOTE 1

	
	+
	
	

	
	[[PDCCHMCH] + [PDSCHMCH]]
	at MCCH acquisition or according to MCH schedule
	NOTE 3

	
	
	
	


Table 1: Possible combinations of Downlink Physical/Transport channel reception in one subframe

Notation:
“[x]”:
means 0 or 1 occurrence of “x”
“+”:
means parallel reception (reception within the same subframe). 
NOTE 1:
Since the UE should have timing information of the D-BCH transmissions, it should in principle always find a PDSCHDBCH entry indicated on PDCCH when looking for it. I.e. only in very rare cases no D-BCH would present.
NOTE 2:
PDSCHPCH reception would not be performed if the PDCCH does not indicate a transmission for the concerning paging group.

NOTE 3:
Both PDCCHMCH and PDSCHMCH are indicated as optional in this case because:

· If MCCH contains full L1/2 details for MTCH, PDCCHMCH reception might not be required for PDSCHMCH/MTCH reception.

· If the MCCH does not contain the full L1/2 details for MTCH reception and thus PDCCHMCH reception is required according to an MBMS transmission schedule, not always a PDSCHMCH transmission might be performed in accordance with the MBMS transmission schedule.

NOTE 4:
PDSCHDLSCH reception would not be performed if PDCCHDLSCH does not indicate a transmission for the concerning C-RNTI, and no persistent allocation is present.

In order to clarify the notation used in table1, table 2 lists all the possible channel reception combinations for LTE_IDLE apart from MCH related receptions. Note that if we would also indicate MCH related reception options (none, only PDCCHMCH, only PDSCHMCH, and both), the amount of combinations would quadruple.
	
	CCPCHPBCH
	PDCCHDBCH
	PDSCHDBCH
	PDCCHPCH
	PDSCHPCH
	Situation

	1
	
	
	
	
	
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE has already acquired D-BCH information, or D-BCH information is known not to be present in this subframe 
· Subframe is not at PCH DRX

	2
	
	X
	
	
	
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE is expecting D-BCH information in this subframe which it would like to receive, but no corresponding control signalling is received.

· Subframe is not at PCH DRX

	3
	
	X
	X
	
	
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE is expecting D-BCH information in this subframe which it would like to receive, and corresponding control signalling is received.

· Subframe is not at PCH DRX

	4
	
	
	
	X
	
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE has already acquired D-BCH information, or D-BCH information is known not to be present in this subframe 

· Subframe is at PCH DRX, but UE paging group is not indicated on the DPCCHPCH

	5
	
	
	
	X
	X
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE has already acquired D-BCH information, or D-BCH information is known not to be present in this subframe 

· Subframe is at PCH DRX, and UE paging group is indicated on the DPCCHPCH

	6
	
	X
	
	X
	
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE is expecting D-BCH information in this subframe which it would like to receive, but no corresponding control signalling is received.

· Subframe is at PCH DRX, but UE paging group is not indicated on the DPCCHPCH

	7
	
	X
	X
	X
	
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE is expecting D-BCH information in this subframe which it would like to receive, and corresponding control signalling is received.

· Subframe is at PCH DRX, but UE paging group is not indicated on the DPCCHPCH

	8
	
	X
	
	X
	X
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE is expecting D-BCH information in this subframe which it would like to receive, but no corresponding control signalling is received.

· Subframe is at PCH DRX, and UE paging group is indicated on the DPCCHPCH

	9
	
	X
	X
	X
	X
	· UE has already acquired P-BCH information, or P-BCH information is known not to be present in this subframe

· UE is expecting D-BCH information in this subframe which it would like to receive, and corresponding control signalling is received.

· Subframe is at PCH DRX, and UE paging group is indicated on the DPCCHPCH

	10
	X
	
	
	
	
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE has already acquired D-BCH information, or D-BCH information is known not to be present in this subframe 

· Subframe is not at PCH DRX

	11
	X
	X
	
	
	
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE is expecting D-BCH information in this subframe which it would like to receive, but no corresponding control signalling is received.

· Subframe is not at PCH DRX

	12
	X
	X
	X
	
	
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE is expecting D-BCH information in this subframe which it would like to receive, and corresponding control signalling is received.

· Subframe is not at PCH DRX

	13
	X
	
	
	X
	
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE has already acquired D-BCH information, or D-BCH information is known not to be present in this subframe 

· Subframe is at PCH DRX, but UE paging group is not indicated on the DPCCHPCH

	14
	X
	
	
	X
	X
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE has already acquired D-BCH information, or D-BCH information is known not to be present in this subframe 

· Subframe is at PCH DRX, and UE paging group is indicated on the DPCCHPCH

	15
	X
	X
	
	X
	
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE is expecting D-BCH information in this subframe which it would like to receive, but no corresponding control signalling is received.

· Subframe is at PCH DRX, but UE paging group is not indicated on the DPCCHPCH

	16
	X
	X
	X
	X
	
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE is expecting D-BCH information in this subframe which it would like to receive, and corresponding control signalling is received.

· Subframe is at PCH DRX, but UE paging group is not indicated on the DPCCHPCH

	17
	X
	X
	
	X
	X
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE is expecting D-BCH information in this subframe which it would like to receive, but no corresponding control signalling is received.

· Subframe is at PCH DRX, and UE paging group is indicated on the DPCCHPCH

	18
	X
	X
	X
	X
	X
	· UE wants to aquire P-BCH information which it knows is present in this subframe
· UE is expecting D-BCH information in this subframe which it would like to receive, and corresponding control signalling is received.

· Subframe is at PCH DRX, and UE paging group is indicated on the DPCCHPCH


Table 2: Possible combinations of Downlink Physical/Transport channel reception in one subframe 
               for LTE_IDLE
4 Open issues
While making the above tables, the following open issues were identified:
1) Will MCH, BCH, PCH and DL-SCH all have their own restricted PDCCH candidate control channel set ?

2) Will the MCCH contain all required L1 control information for MTCH reception ? In this case a UE only interested in receiving MTCH would not have to receive PDCCH ?

3) Will one subframe be able to contain MCH as well as PCH ?

· Forbidding this combination could potentially seriously limit the paging capacity and might delay UE wakeup. 
4) Will one subframe be able to contain MCH and D-BCH ?

· Forbidding this combination might limit MCH capacity especially on an MBMS-only carrier. 
5 Conclusion
RAN1/RAN2 are requested to discuss:

· the indicated assumptions and the provided table 1 and include this information in [1] as far as is acceptable;

· the listed open issues.
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� 	It is FFS whether the P-BCH and D-BCH belong to the same transport channel type or different transport channels. The terminology “D-BCH” has not been agreed yet.
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