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1 Introduction

In RAN1 #49, it was agreed that for non-persistent scheduling the UL ACK/NACK resource should be linked to the index of the control channel used for downlink scheduling. However, because the CCE can be aggregated in different ways when forming a PDCCH, it is difficult to enumerate the control channels and directly link the ACK/NACK to the control channel number one to one. In [1-4], a solution is recommended as:  
· the index of ACK/NACK is linked to the index of  the CCE indexed using a one to one mapping. 
· the ACK/NACK index is linked to the lowest CCE in the PDCCH used for DL scheduling  .  
In this contribution, we give some discussion about the issues for this one to one mapping between ACK/NACK index and CCE index, and propose instead that the reserved number of ACK/NACK resources should depend on the number of scheduled UEs in downlink. This will improve the UL spectrum efficiency since it reduces the resource waste. 
In addition, we provide the corresponding method that allows for a reduced number of reserved ACK/NACK channels and therefore a more efficient mapping between PDCCH and the ACK/NACK channel.
2 Issues for an one to one relation between CCE index and ACK/NACK index
Associating ACK/NACK index to DL CCE index in a one to one manner implies that the number of reserved ACK/NACK resources should be equal to the number of CCEs for DL scheduling. However it has been agreed that UL ACK/NACK resources overhead is semi-statically broadcasted [7] and the number of available CCEs for PDCCH is dynamic per subframe. 
This means that sufficiently many ACK/NACK resources should be reserved according to the maximum number of CCEs (which occurs in the case of n=3 OFDM symbols for the PDCCH). Since the number n varies dynamically, this reservation causes that a large number of uplink resources are wasted when the number of CCEs is smaller than the number of reserved ACK/NACK resources. For example, for 20MHz system bandwidth, there may maximally be more than 50 CCEs and accordingly more than 50 ACK/NACK resources should be reserved. If the number of OFDM symbols n for PDCCH is less than 3, only about 30 CCEs for n=2 and 15 CCEs for n=1 are used. It means that near or more than half of all reserved UL ACK/NACK resources are unused and therefore a wasted resource. 
In addition, a one to one relation between CCE index and ACK/NACK index implies that when a PDCCH consists of multiple CCEs, some reserved ACK/NACK channels become unused. An example is shown in Figure 1 where only ACK/NACK channels 0, 8, 12, 14 and 15 will be used if the rule in Section 1 is followed. 
Both issues discussed above show that one to one relation leaves ACK/NACK resources unused and would therefore degrade the uplink spectrum efficiency. In [5] [6], it was discussed that the unutilized ACK/NACK resources can be reused for UL data transmission in order to reduce the loss of UL spectrum efficiency. But the re-use is very limited, since the reused ACK/NACKs should be transmitted in one same RB. But the inner unutilized ACK/NACK resources, such as ACK_1-7, 9-11 and 13 in the example shown in Figure 1 (if the ACK/NACK was mapped to the REs in its indexed order) can not be reused for data transmission. This solution can also induce the complexity for resource assignment indication in UL grant. 

[image: image1]
Figure 1 Example of the relationship between CCE number and ACK/NACK channel number in the case of 5 UEs with different PDCCH sizes. Most ACK/NACK channels are unutilized with this solution.
Ideally, the number of required UL ACK/NACK resources should depend on the number of simultaneously scheduled UEs in downlink, which frequently is fewer than the number of used CCEs for control signalling related to the downlink scheduling. So in order to reduce the ACK/NACK resource waste, it is desirable that the number of reserved ACK/NACK resources is configured to be close to the maximum number of scheduled UEs which may be significantly smaller than the maximum number of CCEs.    
In the remainder of this contribution, a method is described that links the index of a smaller number of reserved ACK/NACK indices to the index of the first CCE in each PDCCH, irrespectively of the size distribution of the PDCCHs. Section 3 provides the details about this method and an example. 
A method for a reduced number of ACK/NACK
The key observation from Figure 1 is that when larger PDCCH consisting of multiple CCEs are used, there are unutilized ACK/NACK channels. A more efficient approach is to re-use these unused ACK/NACK channels which “belong” to the larger PDCCH and thereby reduce the total number of ACK/NACK channels to be smaller than the total number of CCEs. Given the number of CCEs and the number of ACK/NACK channels, there is a pre-defined mapping between the CCE index of the first CCE for a PDCCH and the ACK/NACK index. This mapping can be pre-calculated and stored in the UE and the eNB. 
This efficient reuse scheme is made possible by utilizing a division of all the PDCCH into two groups depending on their size (number of CCE per PDCCH) and using the mapping to CCE described by these three steps:
1. Find a PDCCH size threshold and divide all PDCCH into two groups by assigning PDCCH larger than or equal to the threshold to group 
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 and the rest to group
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2. Sort the PDCCH in 
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 according to size and start mapping the PDCCH in 
[image: image5.wmf]1

PG

 to the CCEs from the first CCE with an increasing CCE index. Start with the largest PDCCH and continue with decreasing size. 

3. Sort the PDCCH in
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according to size and map the PDCCHs in 
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 to the CCEs from the last CCE with a decreasing CCE index. Start with the largest PDCCH and continue with decreasing size. 
Although we divide the PDCCH into two groups, the CCE aggregation with tree-based structure is still valid in each group and the start position of each group is fixed. So no more blind detection complexity is introduced. 
The next step is to link the ACK/NACK index to the index of the CCE respectively corresponding to each PDCCH. It can be made off-line according to the method described in Section 3.1 and 3.2 below.
2.1 Finding the PDCCH size threshold for grouping

The PDCCH mapping and division into two groups of large and small PDCCHs depends on the number of available CCEs for downlink grant 
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 and the number of reserved ACK/NACK resource
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. It is assumed that the possible formats of PDCCH belong to
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[image: image11.wmf]f

 is the maximum number of CCEs of a PDCCH in 
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 (the group with the smaller PDCCHs).  In 
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 the minimum number of CCEs of each PDCCH 
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. The corresponding maximum number of CCEs follows 
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 is determined by 
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(1)
Because
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 will be pre-configured and known by UEs with dynamic (sub-frame dependent) and semi-static signalling respectively, both NodeB and UE know the value of the threshold
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2.2 Linking CCE index to ACK/NACK index 

For
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, the CCE with index of
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 is related to the ACK/NACK with index of 
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. The scheduled UE use the UL ACK/NACK resource that is related to the lowest CCE in the PDCCH that was used when the resource was allocated. 
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is related to the ACK/NACK indices that can’t be used in 
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 for the PDCCH candidates of size 
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 CCEs.  If there is no ACK/NACK index available, the search continues related to the ACK/NACK that can’t be used in 
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 for the PDCCH candidates of 
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 and so on. 
In PG1, when the PDCCH format is[image: image35.wmf]3
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 ACK/NACK resources, in which only the lowest index ACK/NACK is linked to the PDCCH; and the rest ACK/NACK resources could be reused as the ACK/NACK indices for the PDCCHs in PG2 according to the described CCE mapping method above.
When the UE decodes the desired PDCCH, it knows which PDCCH group 
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 or  
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 it belongs to and then obtains the corresponding linked ACK/NACK resource index.
To show in more detail how the linking works, we provide an example in the section 3.3.   

2.3 Example 

Assume that there are 
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=16 CCEs available for downlink grants and 
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=8 ACK/NACK resources reserved. Then, from formula (1), we find the threshold
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 so the group PG1 contains the PDCCH candidates of size 8, 4 and 2 CCEs and PG2 contains the PDCCH of size 1 CCE as shown in Figure 2. Each PDCCH candidate is identified with “F/i”, where F denotes the number of CCEs in a certain PDCCH candidate and i denotes the PDCCH candidate index.
In Figure 2, the 8 ACK/NACK resources are linked to the CCE_0, 2,4,…,14 respectively for PG1. So PDCCH candidates 2/1,2/2,…, 2/8 are linked to ACK_0, ACK_1,…, ACK_7 respectively; and PDCCH candidates 4/1,4/2,4/3,4/4 are linked to ACK_0, ACK_2,ACK_4, ACK_6; and 8/1,8/2 are linked to ACK_0 and ACK_4.

For PG2 ，the PDCCH candidate 1/1 is firstly linked to a ACK/NACK resource. The linked ACK/NACK resource should be selected from the unutilized ACK/NACK for the PDCCH of F=2 in PG1。  If 1/1 is used for a scheduled UE, the 2/8 in PG1 can’t be used and accordingly the ACK_7 becomes unutilized for PG1. So ACK_7 is linked to PDCCH candidate 1/1 (CCE_15). Then for PDCCH candidate 1/2, there is no other ACK/NACK resource unutilized excepting ACK_7 in PG1. But ACK_7 has been linked to 1/1, so the possible unutilized ACK/NACK resources for PDCCH candidates of F=4 in PG1 are searched.  It can be seen that ACK_1, ACK_3, ACK_5 can’t be used for F=4. So the ACK_1 which is smallest indexed is linked to 1/2. And so on, the other PDCCH candidates in PG1 are linked to the ACK/NACK resource as shown in Figure 2.


[image: image42] Figure 2 Example of mapping relation between CCE and ACK/NACK resource, when the number of reserved ACK/NACK resource is less than the number of CCEs for downlink scheduling. 
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The mapping relation between PDCCH candidates and ACK/NACK resources can be summarized in the following table:
Table 1 relation between PDCCH candidates and ACK/NACK resources.  
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	PDCCH candidates
	Linked ACK/NACK
	PDCCH candidates
	Linked ACK/NACK
	PDCCH candidates
	Linked ACK/NACK

	2/1

2/2

2/3

2/4

2/5

2/6

2/7

2/8
	ACK_0

ACK_1

ACK_2

ACK_3

ACK_4

ACK_5

ACK_6

ACK_7
	4/1

4/2

4/3

4/4

8/1

8/2


	ACK_0

ACK_2

ACK_4

ACK_6

ACK_0

ACK_4


	1/1

1/2

1/3

1/4

1/5

1/6

1/7

1/8
	ACK_7

ACK_1

ACK_6

ACK_3

ACK_5

ACK_2

ACK_4

ACK_0


To exemplify further, assume that 5 UEs are scheduled and their (sorted) PDCCH sizes are {8,4,2,1,1} CCEs respectively. According to the CCE mapping rule, the UEs with larger PDCCH are mapped to CCEs with increasing number and with decreasing PDCCH size, see Figure 3. And the two PDCCHs consisting of a single CCE is mapped to CCEs from the end. According to the described method, the UEs are then respectively linked to ACK_0, ACK_4, ACK_6, ACK_1 and ACK_7 as shown in Figure 3. 
It should be noted that in this method only 8 ACK/NACK resources are used, which means that up to 8 UEs can be simultaneously scheduled in the DL. Compared to the one-to-one relation between CCE and ACK/NACK channels which requires 16 reserved ACK/NACK channels, one per CCE, only half the number of CCEs are  reserved by using this method, which will reduce the number of unused ACK/NACK resources in the uplink considerably. 

[image: image47]
Figure 3 Example of the relationship between CCE number and ACK/NACK channel number in the case of 5 UEs with different PDCCH sizes for reduced number of ACK/NACK.
Another example where the relation between fewer reduced ACK/NACK resources and CCE is illustrated in the Annex. In that example, only 4 ACK/NACK resources are reserved.  
Conclusion
In this contribution, we discuss the issue for one to one relation method between UL ACK/NACK and DL CCE. Considering the UL spectrum efficiency, we propose that the reserved ACK/NACK resource should primarily depend on the maximum number of scheduled UEs, not the number of CCEs, in order to reduce the amount of unutilized ACK/NACK resources. 
We also provide a implicit mapping relation between ACK/NACK and CCE for the reduced number of reserved ACK/NACK resources by using a special rule of CCE aggregation and relation. 
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Annex
Assume 4 ACK/NACK resources is reserved for the case of few UEs possibly scheduled 
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and 16 CCEs available for downlink grants. Then,  
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 so PG1 contains the PDCCH of size 8 and 4 CCEs and PG2 the PDCCHs of size 2 and 1 CCE. The relation between ACK/NACK and CCE corresponding to 
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 and  
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 are shown in Figure 4. 
Assume that 4 UEs are scheduled and their corresponding PDCCHs have size 8, 4, 2 and 1 CCE respectively and  are implicitly indicated to use ACK_0, ACK_2, ACK_3, ACK_1.

[image: image52]
Figure 4 Example of mapping relation between CCE and ACK/NACK resource, when the number of reserved ACK/NACK resource is less than the number of CCEs for downlink scheduling. 
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