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1
Introduction
In RAN1#52 meeting, we have reached the agreement on the relation of ACK/NAK resources and the first CCE used in DL PDCCH. However, this decision has not been correctly reflected in 36.213. On the other hand, the exact mapping rule for the ACK/NAK on mixed PRB containing CQI and ACK/NAK is not addressed. 

In this document, we generalize the implicit one-to-one mapping of UL ACK/NAK to DL PDCCH for the mixed PRB and we propose to capture the related UL ACK/NACK assignment procedure in TS 36.213.
2 Implicit mapping for the non-mixed PRB

This section simply copies the decision we made in RAN1#52 meeting:

UL ACK/NAK resources

· Associated with DL-SCH persistent allocations

· UL ACK/NACK resource due to DL persistent scheduling is explicitly signaled once when the persistent scheduling information for data is sent to the UE

· Operations for indicating and using the persistent UL ACK/NAK resource:
· When the persistent data resource activation information is signaled via L1 to the UE with a PDSCH, the UL ACK/NACK signal for the PDSCH is transmitted on dynamic ACK/NAK resource linked to the L1 assignment
· The persistent ACK/NAK resource indicated in the persistent scheduling information shall be used persistently after the UE successfully receives the L1 assignment for the persistent data resource activation and while the persistent assignment is active. The PDCCH activating/de-activating the persistent resources also activate/de-activate the persistent ACK/NAK resources.
· In case of HARQ initial transmission: the persistent ACK/NAK resource is used
· In case of HARQ retransmissions: dynamic ACK/NAK resource linked to the CCE used for the PDCCH is used
· Relation of ACK/NAK resources and first CCE defined in R1-081107 and agreed as the baseline for further work

· Implicit one-to-one mapping with reordering from 1st CCE index to UL ACK location in { RB allocation + time varying cyclic shift + orthogonal cover }
· m  cyclic-shift/orthogonal-cover combinations defined per UL RB
· # of available individual ACK resources per PUCCH RB is m
· Define:
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· Then:
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· In the case of mixed allocation of ACK/NACKs and other UL control signaling the index for the mixed RB is FFS
· How to exactly map the UL ACK RB index b to PRB index is FFS
· Whether or not to make the mapping PCFICH dependent is FFS
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Linkage between CCE indices and A/N indices (m=36)
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Linkage between CCE indices and A/N indices (m=18)
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Linkage between CCE indices and A/N indices (m=12)
3 Implicit mapping for the mixed PRB -- I
The implicit mapping for the mixed PRB containing both ACK and CQI is a generalized version as we agreed for the non-mixed case. The same concept also applies to the PRB with both persistent ACK and dynamic ACK.
Define an implicit one-to-one mapping with reordering from DL VRB index to UL ACK location in { RB allocation + time varying cyclic shift + orthogonal cover }.
Let there be  
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N

 the number of cyclic shifts reserved for ACK in the mixed PRB

m0  cyclic-shift/orthogonal-cover combinations configured for UL ACK in the mixed RB. Note that at most one RB in each slot contains both ACK and CQI [1].
m  cyclic-shift/orthogonal-cover combinations configured in the regular (non-mixed) RBs

Further, define the mapping from kth ACK resource to the ith PDCCH as agreed in RAN1 #52 meeting:
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Note that the mapping of k to the corresponding (OCk, CSk) is the same as we agreed for the non-mixed RBs in RAN1 #52 meeting. And also note that simply reuse the above formula by replacing m with m0 may end up with multiple PDCCHs mapping into the same ACK resource, resulting in significant interference among users.

Prune this PDCCH index i -> ACK resource 
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 mapping as follows: 
· Step 1: 
i. Start with PDCCH index i=0 and PDDCH index n=0
· Step 2: 
i. Find the
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 corresponding to PDCCH index n and check whether it falls within the number of ACK resources defined on that PRB
1. If 
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2. If 
[image: image12.wmf]n

b

 is the mixed PRB index

a. Declare 
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· Step3: 
i. If 
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ii. Else 
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1. Assign the mapping 
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· Step4: 
i. Go back to step 2 and 3 until i = m0 and the mapping of the PDCCH index i to the UL ACK resource is the desired mapping
4 Implicit mapping for the mixed PRB -- II

The implicit mapping for the mixed PRB containing both dynamic and persistent ACKs is a generalized version as we agreed for the non-mixed case. It follows the same concept as the one on mixed PRB containing both ACK and CQI.

Define an implicit one-to-one mapping with reordering from DL VRB index to UL ACK location in { RB allocation + time varying cyclic shift + orthogonal cover }.
Let there be  
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PUCCH

N

 the number of persistent ACKs reserved in the mixed PRB

m0  cyclic-shift/orthogonal-cover combinations configured for UL dynamic ACK in the mixed RB. 
m  cyclic-shift/orthogonal-cover combinations configured in the regular (non-mixed) RBs

Further, define the mapping from kth ACK resource to the ith PDCCH as agreed in RAN1 #52 meeting:
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Note that the mapping of k to the corresponding (OCk, CSk) is the same as we agreed for the non-mixed RBs in RAN1 #52 meeting. And also note that simply reuse the above formula by replacing m with m0 may end up with multiple PDCCHs mapping into the same ACK resource, resulting in significant interference among users.

Prune this PDCCH index i -> ACK resource 
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 mapping as follows: 

· Step 1: 

i. Start with PDCCH index i=0 and PDDCH index n=0

· Step 2: 

i. Find the
[image: image22.wmf](

)

n

n

n

CS

OC

b

,

,

 corresponding to PDCCH index n and check whether it falls within the number of ACK resources defined on that PRB

1. If 
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2. If 
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· Step3: 

i. If 
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ii. Else 
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1. Assign the mapping 
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· Step4: 

i. Go back to step 2 and 3 until i = m0 and the mapping of the PDCCH index i to the UL ACK resource is the desired mapping
5 Summary

In the current 36.213, the implicit mapping of UL ACK to the DL PDCCH is not correctly captured. And the mapping in the mixed PRB scenario is not specified. By mixed PRB we are referring to the PRB which contains both dynamic ACK and CQI or persistent ACK.
In this document, we generalize the implicit mapping rule for UL ACK on the mixed PRB. We propose to capture the implicit mapping in the UL ACK/NACK assignment procedure in TS 36.213.
-----------------------------Text Proposal-----------------------------------------

Suggested Standard Text Change (36.213):

10
Physical uplink control channel procedures

10.1
UE procedure for determining physical uplink control channel assignment

Uplink control information (UCI) in subframe 
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 shall be transmitted

· on PUCCH using format 1/1a/1b or 2/2a/2b if the UE is not transmitting on PUSCH in subframe 
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· on PUSCH if the UE is transmitting on PUSCH in subframe 
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Throughout this section, subframes are numbered in monotonically increasing order; if the last subframe of a radio frame is denoted 
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, the first subframe of the next radio frame is denoted 
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+

k

.

The following combinations of uplink control information on PUCCH are supported:

· HARQ-ACK using PUCCH format 1a or 1b

· Scheduling request (SR) using PUCCH format 1

· HARQ-ACK and SR using PUCCH format 1a or 1b

· CQI using PUCCH format 2

· CQI and HARQ-ACK using PUCCH format

-
2a or 2b for normal cyclic prefix

-
2 for extended cyclic prefix

For FDD, the UE shall use PUCCH resource 
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 for transmission of HARQ-ACK in subframe 
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· for a dynamically scheduled PDSCH indicated by the detection of a corresponding PDCCH with DCI format 1A/1/2 in subframe 
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, where 
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 is the number of the first CCE used for transmission of the corresponding DCI assignment and 
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 is configured by higher layers.

· for a dynamically scheduled PDSCH indicated by the detection of a corresponding PDCCH with DCI format 1A/1/2 in subframe 
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which is given by a function of the first CCE index used for transmission of the corresponding DCI assignment and 
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 is configured by higher layers. The relation of the first CCE index used for transmission of the corresponding DCI assignment
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is given as follows:

· Step 1: find out those RBs which are used for UL ACK transmission (including the mixed PRB which contains both ACK and CQI as well the PRBs which are used for higher layer configured ACK transmission)

· Step 2: find out the mapping of 
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as follows:

· Define # of available individual ACK resources per PUCCH RB as 
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· Define:

· 
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· Step 3: Prune this PDCCH index 
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 mapping as follows: 

· Step 3a: 

· Start with PDCCH index n=0 and PDDCH index i=0

· Step 3b: 

· Find the
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 corresponding to PDCCH index i and check whether it falls within the number of dynamic ACK resources defined on that PRB

· If 
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 is the mixed PRB which has both dynamic ACK and CQI 

· Declare 
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· Else 
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· Else if 
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 contains the upper layer configured ACK

· Declare 
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· Else 
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· Step3c: 

· If 
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· i++

· Else 
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· Assign the mapping 
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 to PDDCH index n

· n++, i++

· Step3d: 

· Go back to step 3b and 3c until n = total number of PDCCHs and the mapping of the PDCCH index n to the UL ACK resource is the desired implicit mapping relation
· for a semi-persistently scheduled PDSCH transmission and where there is not a corresponding DCI detected in subframe 
[image: image65.wmf]4
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