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1 Introduction

This document (a revision of R1-073716) discusses some of the requirements for PDCCH message formats, and in particular those relating to signalling of resource allocations. 

Previously RAN1 has discussed different PDCCH payload sizes, and the purposes for which they would be used, for example:-
· Size A

· uplink scheduling grants

· downlink assignments (with some limitations)

· Size B

· downlink assignments (full support of non-contiguous RB allocations)

· Size C

· Downlink assignments with full MIMO support

Based on this discussion some possible field sizes and resulting message sizes are shown in Table 1; for the purposes of this discussion we focus on the downlink allocation. 

	
	Field size (bits)

	
	Single Codeword
	Dual Codeword
	
	

	Message Size
	Format
	MAC ID/CRC
	Transport format
	Redundancy version
	HARQ process number
	Number of Layers
	Second transport format
	Second redundancy version
	Predcoding info
	RB Assignment
	Total

	A
	1 (UL/DL)
	16
	6
	2
	
	-
	-
	-
	-
	?
	29+RB

	B
	-
	16
	6
	2
	
	-
	-
	-
	-
	?
	28+RB

	C
	-
	16
	6
	2
	
	2
	4
	2
	4
	?
	28+12+RB


Table 1: Possible Message sizes for downlink resource allocation

It can be seen that the total message size depends on the number of bits used to signal the RB assignment, and one motivation for this approach is that size A would be significanlty smaller than size B and therefore size A would be used preferentially to minimise the signalling overhead.  However, the overhead should be considered in relation to the size of the allocation which is to be signalled. So for small allocations it is likely that many UE’s are being scheduled, so it would be desirable to be able to use a small message size. For large allocations, fewer UE’s can be scheduled simultaneously, so a larger message size would be acceptable. This would mean that the overhead from resource allocation signalling would be approximately a fixed proportion of system bandwidth, rather than being dependent on the scheduling pattern (number of UEs scheduled simultaneously in a subframe).

Therefore, to support this idea, it is desirable that the format supported by message size A provides full flexibility for small resource allocations. However, for larger allocations it would be acceptable to use a format with a larger message size.   

To consider the problem further we need to consider how the signalling should accommodate different system bandwidths (as is reviewed in [1]). In general for a given flexibility or granularity, the required number of bits for RB allocation would depend strongly on the system bandwidth, as shown by some examples in Table 2. Other approaches could be considered, such as combinatorial with different granularities as in [2], but the conclusion would be the same. The largest number of bits would be required for supporting the signalling of all possible allocations with 110 RBs available, which would require a full bit map (110 bits). At the other extreme if the system bandwidth were 6 RBs, then only 6 bits would be needed. Of, course, reducing the flexibility of resource allocation can greatly reduce the number of bits (e.g. supporting only contiguous resource allocations, or using coarser allocation granularity), but there would still be significant variation in the required message size depending on the system bandwidth.

	System Bandwidth (RBs)
	Bits for all possible contiguous RB allocations
	Bits for all possible RB allocations (full bit map)
	Bits for bit map with a granularity of 2 RBs
	Bits for a bit map with granularity of 3 RBs

	110
	13
	110
	55
	37

	55
	11
	55
	28
	19

	27
	9
	27
	14
	9

	13
	7
	13
	7
	5

	6
	5
	6
	3
	2


Table 2: Examples of numbers of bits required for signalling resource allocations with different system bandwidths. Other schemes would also show similar behaviour in terms of the number of bits required for a given scheduling flexibility as the bandwidth is changed. 

2 Discussion

The main trade-off in designing possible message formats is the need to minimize the message size, while supporting the required level of flexibility in resource allocation. At the same time it will be undesirable to have too many different message sizes. These goals can be achieved in a reasonable way by either:

1) making the set of message formats depend on the system bandwidth (which means that message sizes would depend on the system bandwidth)

or

2) 
having a set of message formats which are independent of system bandwidth but allowing the flexibility of resource allocation to depend on the system bandwidth (in a defined way)

Adopting the principle that the operation of the features in the LTE specification are intended to be generally independent of system bandwidth, then approach 2) seems promising. This means that for a given number of bits in the RB field, the flexibility of allocation would be greater for a smaller system bandwidth. This point is discussed further in a separate contribution.

In addition, in order to fit within the granularity of message sizes envisaged in 36.211 section 6.8.1, where the number of CCEs would be 1, 2, 4 or 8, it seems desirable that the different message sizes should differ by about a factor of 2.  This would also allow the message size to be inferred directly from the number of CCE’s used, once the number of CCEs is known.

In any case a UE may be expected to receive messages transmitted with different sizes and number of CCE’s. In order to reduce the receiver complexity it should be possible to configure the UE to blind detect only a limited subset of the possible combinations.  

3 Proposed Approach

Based on the discussion above, we offer the following proposal, in which the largest message size (C) supports full resource allocation flexibility for the largest system bandwidth together with dual codeword operation. The intermediate message size (B) is half the size of (C) and offers fewer bits for resource allocation, but still considerable flexibility. Further, in order that dual codeword operation would not always require the use of the largest message, two message formats are suggested for size B, one for single codeword (B1) and one for dual codeword (B2).

	
	Field size (bits)
	

	Message Size
	Format indication
	Single Codeword info
	Dual Codeword info
	RB allocation
	Total Size (bits)

	A
	1 (UL/DL)
	28
	-
	13
	42

	B1
	1 (B1/B2)
	28
	-
	46
	75

	B2
	1 (B1/B2)
	28
	12
	34
	75

	C
	-
	28
	12
	110
	150


Table 3: Proposed approach for PDCCH messages

The smallest message size (A) is again roughly half the size of (B), and supports UL resource allocation with full flexibility
 or DL single codeword operation with limited flexibility, but supporting at least all contiguous resource allocations. If less flexibility is acceptable, message B could be made a little smaller.

In practice, message size A would be used whenever possible for DL allocations in order to minimize signalling overhead, so as mentioned previously it should support as much flexibility as possible for small allocations. Otherwise, message size B would be used, again designed to support as much flexibility as possible for smaller resource allocations. In rare cases message C would be used, however, this should only be required for a few UE’s being granted large amounts of resources, and so the overhead from a system viewpoint should be acceptable.  Indeed, the total overhead with one UE being scheduled with message size C is identical to the total overhead of two UEs being scheduled with message size B. 

It might also be argued that when message C is used for single codeword transmission, the bits for dual codeword are not needed. However, this is only a small relative overhead, and by keeping the bits in both cases we can avoid the need for an additional message size or format. 

The consequence of not supporting message C (or something similar) would be reduced flexibility in making large resource allocations. 

Other variations on this approach could be considered. For example, signalling of very large allocations might be achieved by sending two messages to the same UE.  Then the largest message size could be made smaller. 

If more flexibility in number of CCEs is available, e.g. messages transmitted using 3 or 6 CCEs, then intermediate message sizes could be defined, provided the number of blind decodings that the UE should carry out can be configured to be a limited set. 

4 Conclusions

Considering the following points:

· The overhead due to PDCCH signalling is higher (in relation to the PDSCH payload size) for messages indicating small downlink resource allocations than for large ones. 

· For a given degree of flexibility and/or granularity in resource allocation, more bits are needed for large system bandwidths than for small ones

· The PDCCH message sizes should map onto at least 1,2,4 or 8 CCE’s (but additional numbers of CCE’s may also be beneficial for further flexibility)

· The message sizes should be independent of system bandwidth (or at least the bandwidth dependency of message sizes should be limited).

We propose that the PDCCH message sizes for downlink resource allocation are chosen such that: 

· The largest message (C) provides full flexibility for resources allocation in the maximum system bandwidth, for both single codeword and dual codeword transmission

· The next message size (B) is about half the maximum size and supports two formats, where the dual codeword format has less flexibility in resource allocation than the single codeword format  Both formats provide as much flexibility as possible for smaller resource allocations (to avoid use of size C for small allocations). There would be more flexibility provided for small system bandwidths.

· The smallest message size (A) is about half the size of B and supports only single codeword transmission. This format should provide as much flexibility as possible for small allocations (to avoid the use of size B or C for small allocations).  
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� Note: In [3] the possibility is discussed of 2 additional bits to indicate a timing offset for UL resource allocation in the case of DL DRX.  However this can be done in such a way that the message size A would not need to be increased.





