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1 Introduction

Based on various discussions on the need for indicating the number of subframes scheduled for downlink transmission in case of bundling for A/N transmitted on the PUCCH it has been found that between 0 and 2 bits (the value indicated by these bit will be referred to as ‘n’ in the following) are needed for this purpose [1] [2]. Our current preference is that the bundling value is given as the total number of subframes bundled rather than the counter based approach in order to resolve the problem of where to transmit the associated A/N signal in case that compression schemes of the PUCCH resources are applied.

In this contribution we will provide a potential solution, which will be able to dynamically reduce the flexibility and/or the granularity of the resource allocation type 0 and type 1 signalling. The reason that we have focused on this aspect in this contribution is that we will take some basic assumptions that will allow us to reduce the needed amount of signalling to indicate the value of ‘n’. The assumptions that we have taken are:

· The need for indicating ‘n’ is seen for the UL/DL configurations where there are more DL subframes than UL subframes. Effectively, this means that UL/DL configurations 1, 2, 3, 4, and 5 will need to signal the value of ‘n’ using either 1 or 2 bits [1].

· In this contribution we have focused on signalling of DCI formats 1 and 2 (that is, it is not considered in this contribution how to optimize/reduce the overhead for DCI format 1A for the compact DL allocations). 
Further, our starting point has been to create a solution that will create a constant size DCI payload for any UL/DL configuration. Our design target has been to make a graceful degradation of the resource allocation map in order to free some bits for the additional needed signalling. It should be noted that we target at a solution, which will be able to take out a number of bits needed for indicating the value of ‘n’. This is obtained through a puncturing scheme, which is described in the following section. Following this approach some UL/DL configurations will use 1 bit for the signalling of ‘n’, while others will need 2 bits.
2 Puncturing the resource allocation type 0 and type 1 signalling bits
As described in the introduction, the starting point for the puncturing is to use puncturing of the resource allocation type 0 and type 1 signalling, as these are the signalling schemes with the most signalling bits, and we can consequently potentially reduce this signalling by a few bits without causing too much harm. The starting point for the discussion in this contribution is Figure 1, where we have illustrated the different signalling options that are available for a system bandwidth of 10 MHz. For the 10 MHz system bandwidth case we have a PRB grouping factor of 3, and a total of 17 bits are reserved for the general bit map of allocation type 0. For the allocation type 1, 3 different subsets are created, and two bits of the 17 bits in the original bit map are used to indicate the subset number. Further, a single bit is used to indicate “starting from left-hand side” or “starting from right-hand side”. This leaves 14 bits in total for indicating the resource allocations of type 1.
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Figure 1 Resource allocation options given by [3, section 7.1.6], where allocations can happen at a reduced resolution by using allocation type 0, where resource block groups are indicated. If high accuracy in the frequency domain is needed, allocation type 1 is used, where different subsets (samples of the allocation type 0) can be selected for scheduling using a bitmap. Orange and yellow boxes indicates bit map truncation from each end of the spectrum respectively.

As seen in Figure 1 there are several options for indicating the resource allocation mask, and there is a quite high flexibility in terms of which PRBs to select for a user being scheduled.

Now, considering the need to indicate the value of ‘n’ using a single bit, we propose to puncture or “steal” this from the resource allocation map. However, in order not to lower the maximum potential data rate, we propose to use a scheme like the one shown in Figure 2, where we join/merge the punctured bit in the bit map for the last allocation in the PRB domain. This means that the for the allocation type 0 signalling the last bit will indicate the resource allocation of both resource block group (RBG) 16 and RBG 17. Correspondingly, for the resource allocation type 1, we propose that the last two bits of the bit map are merged to create a joint signalling of these resources, and free a single bit for indicating the value of ‘n’. This scheme will provide a minor loss of scheduling flexibility at the expense of being able to signal/indicate a the value of ‘n’ by a single bit.
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Figure 2 Proposed puncturing scheme for the resource allocation scheme, where we provide an extra bit at the cost of merging the bit fields of the two last positions in the bit map. These are marked in the figure by the green areas. Compared to Figure 1, it is seen that for all possible combinations, the size of the needed bit map is reduced by 1.

Correspondingly, considering the case where we would like to indicate the value of ‘n’ by two bits, a similar approach for the signalling could be taken. In this case we will puncture or “steal” the bit from the position(s) that have not yet been punctured. This situation is shown in Figure 3, where we free two bits for additional control signalling of the value of ‘n’. The second step of puncturing is indicated by the boxes with red color, and from the figure it is seen that for all allocation types 0 and 1 we are able to free two bits for the signalling the value of ‘n’.
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Figure 3 Proposed puncturing scheme for the resource allocation scheme, where we provide two extra bits at the cost of merging the bit fields of the two last sets of two positions in the bit map. These are marked in the figure by the red and green areas. Compared to Figure 1, it is seen that for all possible combinations, the size of the needed bit map is reduced by 2.

3 Conclusions

In this contribution we have presented a potential solution of providing the signalling of the value of ‘n’ to be used for providing information related to A/N bundling for TDD UL/DL configurations where the amount of DL subframes is larger than the number of UL subframes. The proposed solution will provide a graceful degradation of the scheduling flexibility as the number of bits reserved for the signalling of the value of ‘n’ is increased. We propose that an approach similar to the one outlined here is adopted to ensure that all PDCCH DCI sizes for formats 1 and 2 remain the same irrespective of the UL/DL configuration.
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