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Introduction

During RAN1#45 in Shanghai, the topic of DL control scheduling was addressed, in particular relating to signalling DL and UL scheduling allocations to terminals. At least for the DL scheduling allocations, 3 possible schemes for resource allocation were discussed [2]:

1. Jointly coded sets of scheduling information, with information for several UEs in each set, being located at known places within the subframe that are not the same as the actual scheduling allocations themselves

2. Individual coding of scheduling information, with the information located at known places within the subframe that are not related to the actual scheduling allocations themselves

3. Location of the scheduling information within the scheduling allocations

These three possibilities are illustrated in Figure 1 (with thanks to Ericsson for producing the figure during the previous e-mail discussions)

Proposal (3) does not require explicit signalling of the mapping between UE IDs and resource allocations, since the mapping is implicit in the location of the signalling. Repetition of UE IDs can be avoided by using an indicator of a run of contiguous blocks [3]. If used together with power control or some other form of adaptation, proposal (3) was shown to give good signalling performance at low overhead [3].
During the discussion at RAN1#45, some issues of concern relating to proposal (3) were raised, namely:

· Ability for the scheduler to allocate non contiguous localised blocks to a single UE

· Potential complexity for the UE, due to its needing to decode every resource block in every subframe

· The ability to effectively operate power control, in particular for distributed users

This contribution addresses these concerns. In particular, a modification to the “number of consecutive resource blocks” signalling is described that allows for a significant reduction in UE decoding complexity.
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Figure 1 Downlink control signalling for DL scheduling possibilities

Scheduling non contiguous localised resources
The basic idea behind the proposed method is to indicate the ID of the UE to which resources are allocated within the first RB of a contiguous set of RBs along with an indication of the number of consecutive RBs that are allocated to the UE (which can also be zero).

If several non consecutive sets of RBs are to be allocated to a terminal, this can be achieved by repeating the UE ID at the start of every new non contiguous block, as shown Figure 2. Thus there is no necessity to schedule only contiguous blocks and thus no restriction on the scheduler. Furthermore, more advanced schemes then just the signalling of consecutive blocks, that allow an indication of an arbitrary pattern could also be considered [5].
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Figure 2 Signalling of discontinuous resource allocation

UE Complexity

Assuming that the signalling information is encoded using a tail-biting convolutional code, then the Viterbi decoding algorithm consists of two stages:

· Construction of the forward trellis using add/compare/select operations

· “Traceback” to recover the encoder state sequence

Of these two, the first consumes the majority of the complexity. Assuming the number of bits indicated in Table 1, Figure 3 and Figure 4 compares the amount of sets of ACS operations required by each of the schemes 1-3 mentioned in the introduction. In Figure 3 and Figure 4, only downlink related category 1 information is considered. N is the maximum number of UEs that can be scheduled for schemes (1) and (2), whilst B is the total number of resource blocks for (3).
	
	Scheme (1) Joint coding
	Scheme (2) Individual coding
	Scheme (3) Individual coding; signalling within resource allocation

	UE ID
	9N
	16N (Masked CRC)
	16B (Masked CRC)

	Resource assignment
	3N (1.25MHz)

12N (5MHz)

24N (10MHz)

48N (20MHz)
	3N (1.25MHz)

12N (5MHz)

24N (10MHz)

48N (20MHz)
	-

	Duration of assignment in time
	2N
	2N
	2B

	Duration of assignment in frequency
	-
	-
	2B

	CRC
	12
	-
	-


Table 1 Transmitted bits for DL scheduling signalling
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Figure 3 Comparison of UE signalling decoding complexity for the signalling options (5MHz system)
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Figure 4 Comparison of UE signalling decoding complexity for the signalling options (20MHz system)

Figure 3 and Figure 4 indicate the complexity for scheme (3) under two conditions:
· The UE decodes the control signalling in all possible resource blocks

· The UE decodes the control signalling only those resource blocks that relate to its best 5 CQIs

Under the second of these assumptions, the scheduler has to place resource allocations such that they cover at least one of the RBs with the best 5 CQIs. However other blocks can be scheduled, as indicated in Figure 5. In order to accommodate such a scheme, the “number of consecutive allocations” field needs to be modified such that it indicates the number of consecutive allocations before and after the RB containing the UE identification.
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Figure 5 UE decodes only the best CQI blocks. Resource allocations must contain at least one of these and signalling is modified to indicate the number preceding and proceeding contiguously allocated RBs

Decoding the resource allocation signalling in every RB is clearly more complex than the other signalling methods. On the other hand, decoding only for the best 5 CQIs leads to a complexity that is of the same order or lower than that for the other schemes. The only significant restriction that decoding only in the first 5 CQIs places upon the scheduler is that it is not able to assign resources that do not include at least one of the best 5. Such a restriction is unlikely in practice to limit scheduler performance.
Power control/adaptive modulation

Figure 6 shows the cumulative distribution of  instantaneous required TX per TTI for localised and distributed individual signalling. 0dB refers to the case in which the power required for the signalling in the chunk is equivalent to the Total Node B power divided by the number of chunks. If the required power moves above 0dB, then the Node B must take power from the signalling in other resource blocks to provide sufficient signalling, whereas if the power moves below 0dB, the Node B can reduce the power on the signalling for the particular chunk. 
For localised allocations, it can be seen that for 90% of the time, the required signalling power is less than 0dB and the instantaneous power never rises above around 3dB. Thus adaptive modulation or power control can effectively be applied in combination with signalling localted within the allocated resource blocks for localised allocations.
For distributed allocations, the required instantaneous power is significantly above 0dB for a significant proportion of the time; this could imply issues with interference management and resource distribution if power control is used. In [4], it was shown that there is little difference between joint and individual coding for distributed users. Hence in the case of distributed users, joint coding may be more appropriate.
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Figure 6 Cumulative distribution of instantaneous power per TTI (QPSK based signalling) required for localised and distributed users

Conclusions

Based on the analysis in this paper and [3], we conclude that:

· For localised users, locating the signalling within the allocated resource blocks minimises signalling overhead whilst providing a significant degree of flexibility

· “Run length coding” of multiple contiguous resource blocks should be considered

· To reduce signalling decoding complexity for the terminal, the scheduled resources could be constrained to contain at least one of the best N CQIs

· AMC or power control should be used for link efficiency
· For distributed users, jointly coding the allocation information makes little performance difference but avoids resource allocation problems
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