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1 Introduction
In this contribution, we discuss the UL RB mapping for the UL ACK/NACK channels due to dynamic DL scheduling and for the CQI channels. An important difference between the two channels is that the resources used for the ACK/NACK channel can dynamically change on a sub-frame basis depending on the usage of DL PDCCH or CCE in the corresponding DL sub-frame. This is not the case for the CQI. Although the ACK/NACK resources linked to all the CCEs may be fully provisioned, only a part of the ACK/NACK resources will be used in many cases and some resources will remain unused. Then, it is preferred to utilize the unused ACK/NACK resources for other channels and achieve full utilization of the ACK/NACK resources maximizing the corresponding spectral efficiency. One possible way is to schedule an unused ACK/NACK RB, if any, to a UE for PUSCH transmission. Also, in case that the cell is lightly loaded and thus only the 1st DL OFDM symbol is used for PDCCH in most subframes, the unused ACK/NACK resources linked to large indexes of CCEs can be assigned to ACK/NACK for persistent PDSCH and CQI channels. at the expense of DL scheduling restriction.
On the other hand, the resources for CQI channels can be well planned by the eNB and most of the CQI resources can be fully used with an efficient scheduling of CQI transmissions from the UEs. But, the amount of the occupied resource per CQI is larger than that for ACK/NACK, as only one CQI channel can be sent on a cyclic shift, unlike the maximum of three ACK/NACK channels that can be multiplexed on a cyclic shift. Due to the lower multiplexing capacity per RB, more RBs can be needed for CQI transmissions and the amount will increase with an increase in the system bandwidth and cell loading. 
In this contribution we propose a CQI RB mapping scheme which can improve the interference randomization in cases that multiple CQI RBs exist in a PUCCH frequency edge. Regarding ACK/NACK channels, we propose to adopt an RB mapping scheme which can increase the ACK/NACK resource utilization efficiency.
2 RB mapping and re-mapping of PUCCH
CQI
In Figure 1, it is assumed that 3 RBs are allocated for CQI channels and 6 CQI channels can be supported in an RB. In the upper and lower band edges in the 1st slot, 12 and 6 CQI channels can be allocated in the RB#0~1 and RB#(N-1), respectively. Due to the PUCCH frequency hopping between slots, it is natural that the CQI channels sent in RB#(N-1) in the 1st slot hops to RB#0 in the 2nd slot. It is noted that with assuming the slot-level cyclic shift re-mapping for interference randomization, the CQI channels #12~17 are mapped to different cyclic shifts in the 2nd slot than what were used in the 1st slot, respectively.
On the other hand, the CQI channels #0~5 sent in RB#0 in the 1st slot does not hop to the same RB in the 2nd slot each other. The CQI channels #0, 2, 5 and #1, 3, 4 hop to RB#(N-2) and RB#(N-1), respectively. That is, RB re-mapping was applied to those CQI channels. Similarly, CQI channels #6~11 sent in RB#1 in the 1st slot are re-mapped in the 2nd slot and the CQI channels #6, 8, 10 and #7, 9, 11 hop to RB#(N-2) or RB#(N-1), respectively. This RB re-mapping contributes to improving the interference diversity by randomizing both intra-cell and intra-cell interference. By re-shuffling the CQI RBs in the 2nd slot, the interference is randomized over multiple RBs, that is, RB#(N-2) and #(N-1), which is quite beneficial in cases that strong interferers exist in an RB of neighboring cells.
[image: image1.emf]1 slot (0.5 ms)

.

 

.

 

.

SC-FDMA

symbol

1 subframe (=1 ms)

0

CQI CH 

index

ZC cyclic

shift

1 2 3 4 5

0 2 4 6 8 10

6

CQI CH 

index

ZC cyclic 

shift

7 8 9 10 11

0 2 4 6 8 10

8

CQI CH 

index

ZC cyclic

shift

2 6

10

0 5

0 2 4 6 8 10

3

CQI CH 

index

ZC cyclic

shift

1 9 7 11 4

0 2 4 6 8 10

RB #0

RB #1

RB #N-2

RB #N-1

12

CQI CH 

index

ZC cyclic 

shift

13 14 15 16 17

0 2 4 6 8 10

17

CQI CH 

index

ZC cyclic 

shift

15 12 16 14 13

0 2 4 6 8 10


Figure 1. An example of RB mapping and slot-level remapping for CQI channels
ACK/NACK
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Figure 2. An example of linking DL CCEs to UL ACK/NACK RBs
As stated earlier, UL ACK/NACK channels due to dynamic DL scheduling are different from CQI channels in the aspect that a large number of the pre-assigned ACK/NACK resources can remain unused in many cases. For example, let’s assume that there are 44 CCEs as estimated in [2] for the 20 MHz bandwidth case and those CCEs are linked to 44 UL ACK/NACK resources. Provided that about 10 PDCCHs for DL scheduling are transmitted per subframe in general, only 10 ACK/NACK resources will be utilized among the 44 ACK/NACK resources and the remaining ACK/NACK resources can make 2 RBs assuming 18 ACK/NACKs per RB with normal CP. The number of remaining ACK/NACK RBs increases significantly in case of extended CP, as just 8 ACK/NACK channels are practically supportable as shown in Table 4 in [1]. Thus, unlike CQI channels, the design for utilizing the remaining ACK/NACK resources for other UL channels is important in view of maximizing the UL spectral efficiency. It is noted that for the systems of 15/20 MHz with normal CP in uplink transmissions, at least 2 RBs will be needed for ACK/NACK channels for dynamic DL scheduling. Furthermore, in case of the extended CP, at least 2 RBs will be needed for the ACK/NACK channels even for the 5 MHz bandwidth case. According to [2], in 20 MHz bandwidth case, 6 RBs may be required with PCFICH value n=1 and 12 RBs needed for n=3. 
The structure of linking DL CCEs to UL ACK/NACK RBs shown in Figure 2 is intended for facilitating an easy utilization of the remaining ACK/NACK resources for other UL channels.  It is assumed in Figure 2 that 18 ACK/NACK channels are supportable per RB. The DL CCEs #0~17 are linked to the ACK/NACK resources belonging to RB#(j+1) and RB#k in the 1st and 2nd slots, respectively. The DL CCEs #18~35 are linked to the ACK/NACK resources in RB#k and RB#j in the 1st and  2nd slots, respectively, and vice versa for the DL CCEs #35~43. Note that the RB re-mapping is not made for the ACK/NACK channels in the 2nd slot unlike the CQI channels and indexes of CCEs linked to an RB are consecutive. This is mainly for facilitating the unused ACK/NACK RBs in a subframe to be easily scheduled to other UL channels, especially, the RBs linked to large indexes of CCEs. For instance, in case of PCFICH n=1, the RB#(k+1) and RB#j can be scheduled to a UE for PUSCH transmission. Also, the unused ACK/NACK resources could be utilized for ACK/NACK for persistent PDSCH and CQI channels in limited cases, possibly impacting the DL scheduling since the ACK/NACK resources mapped to some CCEs are persistently used by those UL channels and those CCEs may not be usable as the smallest index CCE for a PDCCH.
3 Conclusion

In this contribution, we discussed the mapping of CQI and ACK/NACK channels to UL RBs. Based on the discussions, we propose to take the following points as working assumptions for the RB mapping of UL PUCCH:

· Slot-level RB re-mapping for CQI channels for interference randomization
· CQI channels in a same RB in the 1st slot are reshuffled (cell specific) and mapped to different RBs in the 2nd slot
· Indexes of CCEs linked to a UL ACK/NACK RB are consecutive for the efficient utilization of UL resources
· E.g.1: normal CP case - CCE#0~#17 are mapped to RB#k, CCE#18~#35 mapped to RB#j and so on
· E.g.2: extended CP case – CCE#0~#7 are mapped to RB#m, CCE#8~#15 mapped to RB#n and so on
· The slot-level RB re-mapping is not applied to ACK/NACK channels due to dynamic PDSCH scheduling
· Without the RB re-mapping, UL ACK/NACK RBs mapped to large indexes of CCEs can be reused for PUSCH, e.g., in subframes with n=1 for PDCCH in the system bandwidth larger than 5 MHz
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