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1. Introduction
In Seoul, RAN WG1 #55bis agreed on the following aspects on PDDCH design for carrier aggregation
· “A PDCCH is transmitted within one component carrier

· FFS: Mapping/coding of PDCCH information related to PDSCH from each CC

· Separate PDCCH for each CC

· One PDCCH indicates same CC

· One PDCCH indicates same or different CC

· Overhead increase corresponds to the number of CC

· Common PDCCH (e.g. jointly coded) on one CC

· PDCCH indicates multiple CC

· Study overhead reduction, error coupling/propagation, scheduling flexibility, 
blocking probability, PDCCH blind decoding reduction, …
In this document, we continue the discussion in [1] and [2] on the need for common PDCCH structure and provide a preliminary design. 
2. Discussion 
PDCCH structure for carrier aggregation depends on the characteristics of the component carriers that are aggregated. Separate PDCCH in each scheduled component carrier (CC) is suitable when all aggregated component carriers can support PDCCH signalling with similar reliability. Signalling of multi-component carrier resource assignments from the anchor i.e., using a ‘Common PDCCH’ or multiple separate PDCCHs (on the anchor) is required when
· Some aggregated component carriers are not configured with PDCCH control signalling 
· Some aggregated component carriers are not reliable for supporting PDCCH control signalling 
Some scenarios where it is suitable to signal multi-component carrier resource assignments from the anchor are 

1. Certain FDD deployments with contiguous carrier aggregation, where leakage from the UE transmitter causes significant self interference (de-sense) on DL component carriers closest to the UL frequency. In such scenarios, it is more efficient to use the component carriers farther away from UL transmission frequency for control signalling (Example scenario described in Annex A)
2. When a wideband LTE carrier (e.g. 20MHz) is aggregated with one or multiple narrowband carriers (e.g. GSM re-mining), configuring a separate PDCCH for each narrowband carrier is not efficient due to the limited number of control signalling resources (CCEs) available in the narrowband carriers.  

3. For aggregation of carriers in separate bands (e.g. 700MHz and 2GHz), interference and radio characteristics of aggregated carriers will be different. In such deployments it may be more efficient to use component carriers with better radio characteristics (e.g. 700MHz) for control signalling.  
Therefore, in addition to having a PDCCH structure that assumes availability of PDCCH signalling on each CC, LTE-A should also provide a PDCCH structure that enables signalling on the anchor to schedule resources on other CCs. 
3. PDCCH Structure 
Separate PDCCH on each scheduled CC (“One PDCCH indicates same CC”) can be supported by simply extending Rel8 operation to each aggregated CC. Signalling of multi-component carrier resource assignments from the anchor can be supported by either using a common PDCCH (“PDCCH indicates multiple CC”) on the anchor, or by using multiple separate PDCCHs on the anchor (“One PDCCH indicates same or different CC”).
3.1. Common PDCCH on the anchor carrier
A common PDCCH on the anchor carrier can be supported as follows:
· UE is configured to receive a multi-carrier PDCCH (MC-PDCCH) to handle resource assignments for a preconfigured set of CCs. 
· MC-PDCCH is used to assign resources for non anchor CCs. Anchor carrier resource assignment handled by a separate PDCCH 
· CRC scrambling is used to differentiate between anchor carrier PDCCH and MC-PDCCH
 
· MC-PDCCH size is semi-statically configured
· Number of distinct MC-PDCCH sizes should be minimised

Separating the resource assignment handling of the anchor and other CCs allows the network to use different transmission modes and/or different resource allocation granularity between anchor and other CCs. This also helps in reducing MC-PDDCH size to ensure good coverage for MC-PDCCH and can potentially avoid the need to introduce new CCE aggregation levels.
Table 1 – Anchor carrier PDCCH fields (same as Rel8)
	DCI Field
	#bits for Anchor PDCCH

	Bandwidth (RBs)
	100

	RBG SIZE (P)
	4

	RB assignment header
	1

	RB assignment
	25

	MCS
	5

	HARQ process number
	3

	HARQ swap
	0

	New Data Indicator
	1

	RV
	2

	TPC for PUCCH
	2

	Information bits
	39

	RNTI / CRC
	16

	Anchor PDCCH size
	55


Table 2 – MC-PDCCH fields (Resource allocation based on DCI format 1)

	PDCCH for non-anchor component carriers
	Size1 
(Ncc= 1, 2)
	Size2 
(Ncc= 1,2,3,4)

	Ncc (not including anchor)
	1
	2
	1
	2
	3
	4

	Bandwidth (RBs)
	100
	200
	100
	200
	300
	400

	RBG SIZE (P)
	4
	12
	4
	4
	8
	12

	RB assignment header
	1
	1
	1
	1
	1
	1

	Resource allocation
	25
	18
	25
	50
	39
	36

	MCS
	5
	10
	5
	10
	15
	20

	HARQ process id
	3
	3
	3
	3
	3
	3

	New data indicator
	1
	2
	1
	2
	3
	4

	Redundancy version
	2
	4
	2
	4
	6
	8

	TPC for PUCCH
	0
	0
	0
	0
	0
	0

	Padding
	1
	0
	35
	2
	5
	0

	CRC
	16
	16
	16
	16
	16
	16

	Ncc Indication Header (NcH)
	1
	1
	2
	2
	2
	2

	MC-PDCCH size
	55
	55
	90
	90
	90
	90


MC-PDCCH design can be based on simple extensions to existing Rel8 DCI fields and resource allocation methods (e.g., RA type 0, type 1). Table 1 shows information transmitted on the anchor PDCCH. Anchor PDCCH structure is identical to Rel8 DCI format 1. 

Table 2 shows information fields for MC-PDCCH that corresponds to Rel8 DCI format 1. UE determines MC-PDCCH size based on the maximum number of component carriers configured for the aggregation scenario or via explicit RRC signalling. For example, if the maximum number of additional CCs configured is <=2 (Ncc=1,2, total aggregated carriers =2,3 including anchor) then MC-PDCCH Size 1 is configured. For other cases where more than 2 additional CCs are aggregated Mc-PDCCH Size is configured. 

Various DCI fields in MC-PDCCH are described below

· Ncc Indication header (NcH) 

· Signals the number of CCs scheduled by the MC-PDCCH. UE interpretation of contents in MC-PDCCH changes based on the NcH value
.   

· RB assignment header

· Indicates whether the resource allocation for CCs scheduled via MC-PDCCH is type 0 or type1 (similar interpretation as Rel8)

· Same RA type used for all the CCs (RA type for anchor and additional CCs can be different)

· Resource Allocation (RA)

· Number of bits for RA depends on NcH value. 

· E.g., using MC-PDCCH size 1, if NcH=0 (Ncc=1), 25 bits are allocated for RA (RBG Size=4).  If NcH=1 (Ncc=2), 18 bits are allocated for RA (9 bits bits per CC, RBG size =12) 

· RA granularity is coarser when number of concurrently scheduled CCs is large

· However, RA granularity for Ncc=1 (anchor + 1CC) is same as Rel8 with MC-PDCCH size 1 or 2. Granularity for Ncc=2 (anchor + 2CCs) is same as Rel8 with MC-PDCCH size 2

· Modulation and Coding Scheme (MCS)

· Number of MCS bits depends on NcH value.

· Linear scaling of MCS bits based on Ncc is most straightforward. However, signalling overhead might be too large if multiple spatially multiplexed TBs are scheduled on each CC (similar to transmission mode 4 for Rel8). In such scenarios some optimisation may be required. 

· HARQ Process ID

· One HARQ ID is associated with TBs scheduled in multiple CCs

· New Data Indicator (NDI)

· Number of NDI bits depends on NcH value.

· Separate NDI for each TB on scheduled on each CC

· Redundancy Version (RV)

· Number of NDI bits depends on NcH value.

· Separate RV for each TB on scheduled on each CC

· TPC bits for PUCCH

· Since the MC-PDCCH assignments are signalled on the anchor carrier, ACK/NACK corresponding to TBs scheduled by those assignments should also be received on the anchor carrier (i.e., UL carrier paired to the anchor). Given this, separate per component carrier PUCCH power control bits are not required
· CRC

· 16 bits (same as Rel8)

· CRC for MC-PDCCH is scrambled by a separate identifier that is different from the UE’s C-RNTI   
3.1.1. Overhead and Blind decoding for common PDCCH
Considering Table 2, since MC-PDDCH Size1 can be designed to have equal size as Rel8 DCI format 1, it is possible to support common PDCCH without any extra blind decodes (BDs) for aggregation of up to 2 CCs in addition to the anchor. For more than 2 additional CCs (i.e., more than 3 aggregated carriers including anchor), 16 extra blind decodes are required to support MC-PDDCH size2. Using a similar design for uplink scheduling grants (as shown in Annex B), no extra BDs are required for aggregating up to 2 additional CCs for both UL and DL.  If more than 2 additional CCs are configured for DL and up to 2 additional CCs are configured for UL, 16 extra BDs are required. If more than 2 additional CCs configured for both UL and DL, 32 extra BDs are required. However, for LTE-A, aggregation of more than 2 UL additional CCs may not be required [3].
3.2. Multiple Separate PDCCHs on the anchor carrier (for each scheduled CC)
Instead of a common PDCCH, a design with multiple separate PDCCHs, with each PDCCH scheduling resources for only one CC can also be used for multi-component carrier resource assignment signalling from the anchor. For scenarios where only 1 additional CC is aggregated with the anchor, the common PDCCH design described in the previous section is equivalent to a design that uses multiple separate PDCCHs. 
For scenarios where more than one additional CC is scheduled (i.e., more than 2 aggregated carriers including the anchor), common PDCCH will reduce signalling overhead when compared to multiple separate PDCCHs as shown in Table 3. As noted in the table, for common PDCCH, when a large number of CCs are scheduled concurrently, higher RA granularity is assumed. Even when same RA granularity is assumed for common and separate PDCCH, overhead for multiple separate PDCCHs would be larger due to separate CRC bits in each PDCCH. 

Another aspect to consider for separate PDCCH is the impact of the large number of PDCCH messages on anchor carrier PDCCH blocking. If more than 2CCEs are required to signal each separate PDDCH, then the existing Rel8 search space design cannot accommodate signalling of more than 2 additional PDCCH messages in a given subframe (2 PDCCHs (1DL+1UL) for anchor + 2PDCCHs(1UL+1DL) for one additional CC). Therefore, PDCCH search space size has to be increased to support multiple separate PDCCHs. Increasing PDCCH search space size, increases blind decoding overhead at the UE.

Considering these aspects, common PDCCH structure is more suitable to enable signalling of multi-component carrier resource assignments for the anchor carrier      

Table 3 – Overhead for Common PDCCH and multiple Separate PDCCHs 
(DCI format 1 DL, DCI format 0 UL)
	#Additional
 CCs Scheduled 
(DL +UL)
	Multiple Separate PDCCHs
	Common PDCCH

	
	#Additional PDCCH messages
	Additional overhead (bits)
	#Additional PDCCH messages
	Additional overhead (bits)

	1+1
	2
	99
	2
	99 or 134

	2+1
	3
	154
	2
	99 or 134

	3+1
	4
	209
	2
	134

	4+1
	5
	264
	2
	134

	1+2
	3
	143
	2
	134

	2+2
	4
	198
	2
	134

	3+2
	5
	253
	2
	134

	4+2
	6
	308
	2
	134

	Note: 
Resource allocation (RA) granularity for separate PDCCH assumed to be same as Rel8. 
RA granularity for common PDDCH is assumed to be coarser than Rel8 when more than 2 additional DL CCs  (and/or more than 1 additional UL CC) are scheduled


4. Conclusions 
· In addition to having a PDCCH structure that assumes availability of PDCCH signalling on each CC, LTE-A should also provide a PDCCH structure that enables signalling only on the anchor to schedule resources on other CCs. 
· A common PDCCH structure should be used to enable signalling of multi-component carrier resource assignments from the anchor carrier. 

· Common PDCCH can be supported as follows:

· UE is configured to receive a multi-carrier PDCCH (MC-PDCCH) to handle resource assignments for a preconfigured set of CCs. 

· MC-PDCCH is used to assign resources for non anchor CCs. Anchor carrier resource assignment handled by a separate PDCCH 

· CRC scrambling is used to differentiate between anchor carrier PDCCH and MC-PDCCH 

· MC-PDCCH size is semi-statically configured

· Number of distinct MC-PDCCH sizes should be minimised
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6. Annex A – (Desense impact for LTE-A FDD in 3.5GHz band)

Figure 1 shows FDD deployment scenario #1 in 3.5GHz band prioritised for LTE-A study in RAN4 [4], [5]. As shown in the figure, the maximum achievable separation between uplink (40MHz BW) and downlink (80MHz BW) for scenario #1 is fd =70MHz. Due this relatively narrow UL-DL frequency separation, desense noise at the UE, when the UE is trying to receive DL transmissions on CC4 or CC3 while making wideband UL transmissions can be quite severe, especially for noise limited deployments (e.g. deployment scenario Case3). 

Figure 2 shows effective noise floor (thermal noise + noise added due to de-sense) increase for a typical UE operating using the frequency plan shown in Fig 1. De-sense noise modelling methodology described in [6] is reused for this preliminary evaluation. For a 20MHz UL transmission in CC1 (BWagg = 100RB), impact of desense noise on DL reception in CC4 is ~9dB higher than CC1. Desense impact is higher as the UL transmission bandwidth increases.    

[image: image1.emf]MHz

3400 3405 3410 3415 3420 3425 3430 3435 3440 3445 3450 3455 3460 3465 3470 3475 3480 3485 3490 3495 3500 3505 3510 3515 3520 3525 3530 3535 3540 3545 3550 3555 3560 3565 3570 3575 3580 3585 3590 3595

ITU-R

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

R4-091019

Duplex ??

100 MHz

Scenerio 1   !!!! 40 MHz

Scenerio 1   !!!! 70 MHz

CC  (20MHz) CC  (20MHz) CC  (20MHz) CC (20MHz) CC  (20MHz) CC  (20MHz) CC  (20MHz) CC (20MHz) CC  (20MHz) CC  (20MHz)

FDD UL (90MHz) FDD DL (90MHz)

DUPLEX GAP OF 50 MHz FDD UL (70MHz) FDD DL (70MHz)

10MHz

ITU-R  (FDD or TDD)

CC4 (20MHz) CC2  (20MHz) CC1  (20MHz) CC3  (20MHz) CC2  (20MHz) CC1  (20MHz)

CC1  (20MHz) CC1  (20MHz)

CC2  (20MHz) CC1  (20MHz) CC2  (20MHz) CC1  (20MHz) CC4 (20MHz) CC3  (20MHz)


Figure 1 – Possible frequency arrangements for  “Scenario 1” [5]
(FDD, 3.GHz, 40MHz UL and 80 MHz DL)
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Figure 2 – Impact of desense noise on UE noise floor
7. Annex B – (Common PDCCH design for DCI format0 and DCI format 2)

	DCI FORMAT 0

	Anchor PDCCH
	
	
	
	

	NRBs
	100
	
	
	
	

	Contiguous RBG Size
	1
	
	
	
	

	Format flag
	1
	
	
	
	

	Hopping flag
	1
	
	
	
	

	RB assignment
	13
	
	
	
	

	MCS
	5
	
	
	
	

	New Data Indicator
	1
	
	
	
	

	TPC
	2
	
	
	
	

	Cyclic shift for DMRS
	3
	
	
	
	

	CQI request
	1
	
	
	
	

	zero padding
	1
	
	
	
	

	Information bits
	28
	
	
	
	

	RNTI / CRC
	16
	
	
	
	

	First assignment size
	44
	
	
	
	

	
	
	
	
	
	

	MC-PDCCH
	Size1 (Ncc 1,2)
	Size2 (Ncc = 1,2,3)

	
	
	
	
	

	Ncc ( not including anchor)
	
	1
	2
	2
	3

	Bandwidth (RBs)
	
	100
	200
	200
	300

	Contiguous RBG Size
	
	1
	12
	1
	8

	Format flag
	
	1
	1
	1
	1

	Hopping flag
	
	1
	1
	1
	1

	RB assignment
	
	13
	8
	15
	10

	MCS
	
	5
	7
	10
	9

	New Data Indicator
	
	1
	2
	2
	3

	TPC
	
	2
	4
	4
	6

	Cyclic shift for DMRS
	
	3
	3
	6
	9

	zero Padding
	
	0
	0
	0
	0

	CQI request
	
	1
	1
	1
	1

	Ncc Indication Header
	
	1
	1
	2
	2

	Information bits
	
	28
	28
	42
	42

	RNTI / CRC
	
	16
	16
	16
	16

	MC-PDCCH Size
	
	44
	44
	58
	58


	DCI FORMAT 2
	

	Anchor PDCCH
	
	
	
	
	

	NRBs
	100
	
	
	
	
	

	P
	4
	
	
	
	
	

	RB assignment header
	1
	
	
	
	
	

	RB assignment
	25
	
	
	
	
	

	MCS
	10
	
	
	
	
	

	HARQ process number
	3
	
	
	
	
	

	HARQ swap
	1
	
	
	
	
	

	New Data Indicator
	2
	
	
	
	
	

	RV
	4
	
	
	
	
	

	Precoding indication
	6
	
	
	
	
	

	TPC
	2
	
	
	
	
	

	Information bits
	54
	
	
	
	
	

	RNTI / CRC
	16
	
	
	
	
	

	First assignment size
	70
	
	
	
	
	

	
	
	
	
	
	
	

	MC-PDCCH
	Size1 (Ncc = 1,2)
	Size2 (Ncc = 1,2,3,4)

	Ncc ( not including anchor)
	
	1
	2
	2
	3
	4

	Bandwidth (RBs)
	
	100
	200
	200
	300
	400

	RBG SIZE
	
	4
	20
	4
	8
	12

	RB assignment header
	
	1
	1
	1
	1
	1

	Resource allocation 
	
	25
	10
	50
	39
	36

	MCS 
	
	10
	12
	20
	14
	16

	HARQ process id
	
	3
	3
	3
	3
	3

	New data indicator
	
	2
	4
	4
	6
	8

	Redundancy version
	
	4
	8
	8
	12
	16

	TPC 
	
	0
	0
	0
	0
	0

	Padding
	
	2
	3
	6
	11
	0

	Precoding indication
	
	6
	12
	12
	18
	24

	CRC
	
	16
	16
	16
	16
	16

	Ncc Indication Header
	
	1
	1
	2
	2
	2

	MC-PDCCH size
	
	70
	70
	122
	122
	122





CC1





CC2





CC3





CC4








� Similar mechanism as Rel8 where UE distinguishes between dynamic PDCCH and semi persistent PDCCH using a C-RNTI and a SPS C-RNTI


� Similar to DCI format 0/1A flag in Rel8


� Similar to HARQ handling for multiple TBs in DCI format 2 in Rel8


� Additional => In addition to anchor carrier
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