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Discussion and Decision
1 Introduction
During the past RAN1 meeting, the discussion on PDCCH contents were primarily focusing on FDD with the target of having same size for format 0, 1A, 3 and 3A. In this contribution, we are trying to take an overview on the PDCCH UL grant size (format 0) in connection with compact DL grant size (format 1A) as well as format 3/3A in light of the target mentioned above from the TDD perspective. In the end, we suggest a way forward and invite all interested friends to work together to achieve the above-mentioned target i.e. having same size for format 0, 1A, 3 and 3A.
2 Discussion
The latest summary of the PDCCH grant size was provided in [2], the content of format 0 and 1A (of both agreed on open issues) are copied here for easy reference in Table 1 Table 2 and Table 3, respectively.
Table 1 Agreed content field and bits of Format 0

	Field
	Bits
	Comment

	Format
	1
	Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

	Hopping flag
	1
	Frequency hopping on/off

	RB assignment
	13
	

	MCS
	5
	

	New Data Indicator
	1
	Toggled for each new transport block

	TPC
	2
	Power control of PUSCH

	Cyclic shift for DMRS
	3
	FFS if always present or not (may depend on design of format 1A)

	Tx antenna selection
	0
	Not present for UEs not supporting UL TX antenna switching. FFS if additional format needed in case of antenna switching being supported 

	UL index (TDD only)
	0
	Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD. The size may depend on the UL/DL allocation.

	CQI request
	1
	

	RNTI / CRC
	16
	16 bit RNTI implicitly encoded in CRC

	
	
	

	Total
	43
	


Table 2 Open issues (tbd) of Format 0

	Open issues (not yet decided upon)
	
	

	SRS use indicator
	2
	Indicates whether subframe with SRS is occupied or not

	ACK reservation on PUSCH
	1
	Indicates that space should be reserved on PUSCH for ACK/NAK

	UL index (FDD)
	?
	


For Format 0 of TDD,

· 3bits Cyclic shift for DMRS was agreed always included in Rel8 [3]

· Tx antenna selection was agreed not to be specified in TDD, so this field is not included in TDD and strikethrough-ed from the table
· UL Index can be 2 or 1 bits (e.g. proposed by [7]), either ways one needs to commit to the wayforward agreed in [1]. Note, in case of 1 bits UL Index, the 2 bits indicators (agreed in [1]) is created by joint encoding 1-bit UL index and 1-bit CQI request. Nevertheless, let’s keep this field open for the moment. Further more, it is observed that UL Index is only required in UL/DL configuration 0 (1DL:1ST:3UL) [1], including this field for all  UL/DL configurations may make the system design simpler and ease the testing [6] provided the inclusion degrades the UL grant coverage slightly (e.g. <0.1dB).
· SRS use indicator, we propose to define 1 or 0 bit to indicate whether subframe with SRS is occupied or not, in some cell SRS configuration SRS is not presented in ordinarly subframe [4] thus this bit is not needed, but this is open for the moment
· ACK reservation on PUSCH, similar as above, we propose to define 1-bit to reserve space on PUSCH for ACK/NAK in case DL grant missing happen, but this is open for the moment.

Summary what discussed above, the size of agreed field of format 0 is 43 bits, the open fields marked by yellow are from 1-4 bits, end up with 44-47 bits in total. 
Table 3 Agreed content field and bits of Format 1A

	Field
	Bits
	Comment

	Format
	1
	Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

	Distributed transmission
	1
	

	RB assignment
	13
	

	MCS
	5
	

	Hybrid ARQ process number
	3
	(4 bits for TDD)

	New data indicator
	1
	Toggled for each new transport block

	Redundancy version
	2
	

	TPC
	2
	Power control of PUCCH

	RNTI / CRC
	16
	16 bit RNTI implicitly encoded in CRC

	
	
	

	Total
	44
	


In Format 1A of TDD,

· Number of bits for HARQ depends on the number of available HARQ process {4, 6, 7, 9, 10, 12, 15} in different UL/DL configuration [5], thus 2-4 bits is needed for HARQ number indicator depends on the UL/DL configuration.
· In [8] discussing AN bundling, it is proposed to include 1-2 bits ‘n’ signalling the number of allocated DL subframe during bundling window for the DL heavy configurations (where the HARQ process number could be {7, 9, 10, 12 or 15}), since the discussion is still ongoing, we keep this open for the moment.

Summary what discussed above, the size of agreed field of format 1A is 41 bits, the opened fied marked by yellow ( HARQ bits and ‘n’) are somewhat UL/DL configuration dependent.end up with bits in total show in Table 4. 
Table 4 Tentative size of Format 1A in different UL/DL configuration

	UL/DL configuration
	0
	1
	6
	2, 3, 4, 5

	HARQ bits
	2
	3
	3
	4

	‘n’
	0
	0 or 1
	0
	1 or 2

	Other agreed field
	41
	41
	41
	41

	
	
	
	
	

	Total
	43
	44 or 45
	44
	46 or 47


Then, we recall one design target we agreed to have same size for format 0, 1A, 3 and 3A. Taking this target into consideration and the observation from above discussion:
· Format 0 is relatively in small range dynamic size, if we try to fix the value of yellow box, we have 44-45 bits in total assuming that:

· UL index of 1-bits only for UL/DL configuration 0, but not for other UL/DL configurations

· SRS indicator bit is not required assuming SRS symbols exist only in UpPTS or this feature is not supported in case SRS in ordinary UL subframe
· 1-bit ACK reservation always exist
· Format 1A is relatively in large rang dynamic size, from 43-47 bits in total.

· Format 3 and 3A has size of 43 bits and independent from UL/DL configuration [2]
· FDD is up to now around size of 44/43 bits for format 1A and 0, respectively [2]

Table 5 Summary of size of format 0 and 1A in different UL/DL configuration

	UL/DL configuration
	0
	1
	2-5
	6

	Format 0 size in total
	45
	44
	44
	44

	Format 1A size in total
	43
	44-45
	46-47
	44


In UL/DL configuration 1 and 6, the difference between format 0 and 1A is rather small or none. In configuration 0 format 1A is 2 bits smaller, in configuration 2-5 format 1A is 2-3 bits larger. To achieve the target of same size for format 0, 1A, 3 and 3A, ideally we would like to align the size of different format in different UL/DL configuration to the smallest size on the list and “squeeze” bit(s) of other format to get down to the same size. In this situation, {43, 44, 45, 46 or 47} would be the “candidate” target in the priority order, e.g. 43 bits which is the one from format 3/3A and format 1A in UL/DL configuration 0 would be that “idea” target with highest priority to try, and squeeze the format 0 and format 1A in UL/DL configuration 1-6 to get 43 bits. Meanwhile, we need to be careful selecting the “design target” (i.e. to which size of bits to achieve) in order to not incur significant loss due to the “squeezing” bit(s) action.
Starting from format 0, currently the agreed number of bits is already 43. Squeezing more bit(s) means that we either not consider those open fields (Table 2) or we squeeze from agreed one. It turns out to be very difficult to squeeze more because:
· At least 1-bit UL index is required to support UL/DL configuration 0 where less DL subframe than UL subframe
· The ACK reservation 1-bit is to avoid DL grant missing problem which is otherwise degrading system performance due to higher layer involvement to L1 retransmission and much longer delay (from ms to 100ms)

And, “squeezing” bit(s) from the agreed fields in format 0 in UL/DL configuration 0 is almost impossible except some possibility may exist for RB assignment field, squeezing 1 bit might be possible without losing the scheduler flexibility nor increasing complexity too much but squeezing 2 bits might be still very difficult. So this means that we might be able to have the format 0 in UL/DL configuration 0 with the size of 44 or 45 bits.
Similar analysis for format 1A, squeezing 1 bit from RB assignment field might be possible without losing the scheduler flexibility nor increasing complexity too much, and squeezing 2 bits might be possible depending on the specific UL/DL configuration as in some DL heavy case it would be OK to reduce some the scheduling flexibility to some extend and this was also discussed/suggested in the AN bundling topic [8]. So this means that we may might be able to go down the format 1A in some UL/DL configurations with the size of 44 or 45 bits as well.
On the other hand, if one wants to be easier on the system designer’s life, one may simply consider to set “47-bits” as the target and increase all other format in each UL/DL configuration to 47-bits. This is, however, not constructive solution as 3-bits difference is not a small gap and will make TDD system performance degraded non-trivially, and potentially requires different dimentioning/scheduler of PDCCH for TDD and FDD due to different size of grant size (and different performance and potentially different occupied number of CCEs).
3 Conclusion

We take an overall review on where we are on PDCCH size of UL grant format 0 and DL grant format 1A in different UL/DL configuration, keeping in mind on the target of having same size for format 0, 1A, 3 and 3A. From the analysis, it shows that both format 0 and 1A in TDD will be somewhat UL/DL configuration dependent. We also try to exhaust different possibility to achieve the target of making same size for format 0, 1A, 3 and 3A. Based on all the discussion above, we propose:
· To target for one size of 44 or 45 bits for format 0, 1A, 3 and 3A in all UL/DL configurations in LTE TDD.
· And, make the proposal of achieving above target at/before next RAN1 meeting.
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