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1. Introduction
New features in Release 9 and 10 require revisiting the LTE control channel structure design.  Flexibility, blocking, #blind detections, #DCI format sizes, and transmission mode switching were considered.
2. Control Channel Design Issues and Considerations
New features and issues that likely need to be accommodated include:

· Uplink (UL) non-contiguous resource assignment

· UL transmit diversity and SU/MU-MIMO (up to rank-4)
· Simultaneous transmission of PUCCH and PUSCH

· Downlink Rel-9 rank-2 (up to rank-8 in Rel-10) beamforming/MU-MIMO (with dedicated RS)

· Scheduling across multiple component carriers due to carrier aggregation

Some design considerations to again consider include:

· Number of blind detections per carrier and total blind detections (BDs) per control region interval

· Per carrier and overall false detection rate, hardware complexity/latency/overhead
· Increase in number of distinct DCI formats (i.e. increase in #DCI sizes per BW mode)
· Increase in number of masking operations and overall impact on false detection rate

· Difficulty in accommodating new DCI formats or desire for dynamic switching between formats
Blind detection and masking operation issues were primarily addressed in St. Louis RAN1#48 (2007) where UE companies [1-3] indicated that supporting up to 100 blind detections was reasonable from a UE complexity point of view.  Given Moore’s Law then at least 400 BDs by 2013 should be reasonable.
In Seville/Sorrento RAN1#51bis/52 meetings the false detection rate issue was raised [5-8] but consensus [9] was that no increase in the PDCCH CRC size (e.g. from 16 to 18 bits) nor specifying any other false detection mitigation techniques (e.g. different convolutional generator polynomial) was necessary for rel-8.  So a 100% increase from 44 to ~80 BDs may not pose a false detection problem. See companion contribution on PDCCH false detection [17].
Proposal: Allow #BD/carrier upper bound to increase from 44 to approximately 80 for post release-8.
3. Rel-9 & 10 Uplink CCH Design – no BD increase (DCI 0 alignment & co-scheduling)
In Release-8 only DCI format 0 is available for UL scheduling.  Additional control channel support is needed for new UL Rel-10 features and beyond (no new UL features are yet planned for Rel-9).  To avoid additional convolutional decoding BDs the use of the following extension techniques are needed:
· Make use of CRC masking (as currently defined in 36.212 for UE transmit antenna selection) to also distinguish between different DCI formats of same size or to enable/disable a feature
· Redefine bits in existing DCI formats (conditioned on use of CRC masking) to be reused by the new DCI formats of same size in order to enable new feature signaling
· Constrain assignment of a particular UL transmission mode (rank-2 SU-MIMO e.g.) to only occur when the corresponding DL transmission mode is assigned where both have same DCI format size
· Create new UL non-contiguous resource allocation type that has same bit field size as type 2 [12].
One example of how the number of convolutional blind decodings could be maintained relative to release-8 by using the above techniques is given by the following:

· Create DCI format 0_2 with size = DCI format 2 for rank-2 uplink SU-MIMO mode.

· Create DCI format   0a with size = DCI format 0 for UL SIMO non-contiguous allocations
· Create DCI format   0b with size = DCI format 0 to support UL rank-1 precoding mode

· Choose between DCI 2 and 0_2 via CRC masking (reuse masking already defined in 36.212)

· Require Rank-2 UL MIMO transmission mode using DCI 0_2 be assigned only if Rank-2 DL SU-MIMO transmission mode using DCI 2 is assigned.  (Co-scheduling)
· If UE -not- configured for transmit diversity and DCI 0/1A flag is set for DCI 0 then:
· Discern between DCI 0 for {SIMO contiguous} (rel-8) and DCI 0a for {SIMO Non-contiguous} via CRC masking (reuses masking defined in 36.212)
· UE assumes DCI 0b if configured for rank-1 precoding. Can redefine bits for PMI.
· Use CRC masking to indicate RA type: contiguous or non-contiguous.
· For {SIMO Non-contiguous}, transmit antenna selection can be supported by redefining a bit (e.g. frequency hopping bit) in the DCI 0/0a/0b payload.
· Else if UE configured for UL Rel-8 transmit diversity and DCI 0/1A flag is set for DCI 0
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Similarly, contribution [4] proposes DCI formats (2B, 1E, 1A’, 1A’’) to support up to rank-2 SU/MU-MIMO DL beamforming with dedicated RS.  That is, it can reuse existing release-8 DCI format sizes by including a few padding bits (depending on the number of antenna ports) to avoid any increase in convolutional decoding BDs and allows for dynamic transmission mode switching. Note: size of DCI 2A = 2B and 1D = 1E (with a few padding bits) and also DCI 1A=1A’=1A’’ in terms of size.
Proposal: Define new DCI formats to be same size as release-8 formats when possible to minimize #BDs and to allow for dynamic switching between transmission modes or to minimize # of transmission modes.
4. Rel-9 & 10 Uplink CCH Design – 16 BD increase (more distinct UL DCI sizes)
Requiring UE’s to support 16 more BDs would mostly avoid the above constraints (e.g. reuse of DCI 0, co-scheduling of DCI 2 & 0_2) while allowing new UL DCI and an easily extendable beyond release-8 control structure.  This means post rel-8 UEs would need to perform 60 BDs instead of 44 BDs but this provides significant flexibility in designing new DCI formats for uplink MIMO and other new features. 
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The +16 UL BD approach allows type 0 RB allocation type to be used for UL non-contiguous RAs [10].
Proposal: Increase convolutional type blind detections by 16 to allow for fully extensible/flexible control channel structure for post Release-8 LTE uplink features. This increases #BD limit from 44 to 60.
5. Aggregation – Separate vs. Common control channel and #BDs
Separate Control Channel
For separate control channels with one control channel per carrier and 60 BDs per carrier then for 5 carrier aggregations there is a total of 300 BDs (I).  With no increase in BDs per carrier then there is no per carrier false detection increase.  One way to reduce component carrier BDs is to use anchor carrier detection information (II) but this makes parallel PDCCH decoding of the anchor and component carriers difficult and reduces PDCCH scheduling flexibility.  For example, the number of BDs in the anchor carrier would still be 3x(6,6,2,2) + (6,6) while the BDs for each component carrier could be reduced to e.g. 3x(w,x,y,z) depending on how the reduced search set is defined. If the UL and DL DCI used for component carriers must be the same as the DCI detected in UE specific search space of the anchor carrier (III) then total BDs would be 3x(6,6,2,2) + (6,6) + NCC x (2x(6,6,2,2)+(6,6)) where NCC is the number of assigned component carriers (not including anchor carrier). If UEs are not required to read joint power control and broadcast control from the component carriers then another up to 48 BDs (=4x(6,6)) could be saved (IV).  
If multiple separate control channels (PDCCHs) on the anchor carrier are used to allocate resources on other component carriers (not shown in Table 1 below) then the number of blind decodes (and possibly DCI formats) required for receiving PDCCH on the anchor carrier will increase. 

Common Control Channel
For a Common Control Channel Approach where control channels of non-anchor carriers are present on a UEs anchor carrier then the number of convolutional coded BDs (CCBDs) is only 
#CCBDs = 3x(6,6,2,2)+ NCC  x (6,6) + J x ( (-,3,2,2) + (3,3,2,2) ) where J=0 if  NCC<3 else J=1

If no control information (e.g. no PHICH, PCFICH, PDCCH) is supported on the component carriers or a UE is not required to search for PDCCH on non-anchor carriers then further reduction in blind detections is obtained with the Common Control Channel Approach (II).  Note a bit in the non anchor control channel can indicate whether it is for UL or DL carrier aggregation.  For 2 or 3 carrier aggregation case the DCI for non-anchor control signalling has the same size as a release-8 DCI (e.g. DCI 1 although some bits will be redefined and it will be distinguished from normal DCI 1 by CRC masking.) then only 60 CC BDs are required on anchor carrier.
Table 1 – Blind detections for Separate and Common Control Channel approaches*
	CCH Approach
	Anchor Carrier (UESS+CSS)
	Per Component (UESS)
	Per Component (CSS)
	Total BDs with 5 Carriers

	Separate I
	3x(6,6,2,2)+(6,6)
	3x(6,6,2,2)
	(6,6)
	300

	Separate II
	3x(6,6,2,2)+(6,6)
	3x(w,x,y,z), e.g. w=x=3, y=z=2
	(6,6)
	228

	Separate III
	3x(6,6,2,2)+(6,6)
	2x(6,6,2,2)
	(6,6)
	236

	Separate IV
	3x(6,6,2,2)+(6,6)
	2x(6,6,2,2)
	0
	188

	Common I
	3x(6,6,2,2)+(6,6)+
Jx( (-,3,2,2) + (3,3,2,2) )

J=0 if NCC <3 else J=1
	0
	(6,6)
	125

	Common II
	3x(6,6,2,2)+(6,6) +

Jx( (-,3,2,2) + (3,3,2,2) )
J=0 if NCC <3 else J=1
	0
	0
	077


* Note if DCI 0 alignment and co-scheduling are used as in section 3 then #BDs = 44 for a single carrier instead of 60
Proposal: Common (II) control channel approach is also proposed to enable anchor carrier only control signaling (more details in [18]) and benefits from lower number of total PDCCH convolutional BDs. Note a UE semi-statically configured to receive (1+Ncc) carriers performs up to (60,60,60,77,77) CC BDs for Common II for NCC = (0,1,2,3,4). For Separate II, a UE performs up to (60, 102, 144, 186, 228) CC BDs.

6. Conclusion
Proposal: Allow #BD/carrier upper bound to increase from 44 to 60 to support new UL DCI formats for post Rel-8 UL features and up to approximately 80 BDs/carrier to also support carrier aggregation.
Proposal: Define new DCI formats to be same size as release-8 formats when possible to minimize #BDs and to allow for dynamic switching between transmission modes or to minimize # of transmission modes.

Proposal: Increase convolutional type blind detection limit by at least 16 (i.e. 44 to 60 UL BDs) to allow for fully extensible/flexible control channel structure for post Release-8 LTE uplink features. 

Proposal: Common (II) control channel approach is also proposed to enable anchor carrier only control signaling (more details in [18]) and benefits from lower number of total PDCCH convolutional BDs. Note a UE semi-statically configured to receive (1+Ncc) carriers performs up to (60,60,60,77,77) CC BDs for Common II for NCC = (0,1,2,3,4). For Separate II, a UE performs up to (60, 102, 144, 186, 228) CC BDs.
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