3GPP TSG RAN WG1 #53                                                                                            
     R1-081986
Kansas City, MO, USA, May 5 – May 9, 2008
Source:           
Texas Instruments
Title:               
ACK/NAK DTX Detection for Concurrent Transmission of ACK/NAK and SRI 
Agenda Item: 
7.1.2
Document for: 
Discussion and Decision

1. Introduction
In 3GPP LTE uplink (UL), the transmission of ACK/NAK in UL corresponding to DL packets and Scheduling Request Indicator (SRI) shares the same structure [1]. In [2], concurrent transmission of ACK/NAK and SRI is supported by 

When A/N and SR are transmitted in the same sub-frame a UE shall transmit the A/N on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the A/N on its assigned SR PUCCH resource for a positive SR transmission.
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Figure 1: Current Transmission Scheme of ACK/NAK and SRI
Figure 1 shows the current transmission scheme of ACK/NAK and SRI. The N ACK/NAK channels are derived from the CCEs in the DL grant. Due to the 1-to-1 mapping between CCEs and ACK/NAK channels, N can be values of 1, 2, 4, or 8. With the current transmission scheme for ACK/NAK and SRI, explicit ACK/NAK DTX detection is not supported. However, the ACK/NAK constellation mapping is designed in a way such that DTX shares to same symbol as NAK or (NAK, NAK), therefore alleviating the issue of DL grant miss. 
In this contribution, we propose to reuse the vacant ACK/NAK channels (N > 1), to support explicit ACK/NAK DTX detection, when a UE transmits both ACK/NAK and SRI in the same subframe. The proposed method applies to both FDD and TDD systems.

2. Proposed Method   
Without loss of generality, denote N as the number of CCEs in DL grant (as well as the number of dynamic ACK/NAK channels) for a UE at a particular time instance. In [1], possible values for N are 1, 2, 4, and 8. Denote the N ACK/NAK channel with indices {nA/N, 1, nA/N, 2,  …, nA/N, N}, with nA/N, i (1≤ i ≤ N) corresponding to the ith CCE index in its DL grant. Moreover, denote the SRI channel index as nSRI. Therefore, in the UL subframe that a UE needs to transmit ACK/NAK and SRI, it has N + 1 PUCCH format 1/1a/1b channels available. Notice that the ACK/NAK channel and SRI channel share the same structure. Without loss of generality, denote the set of N + 1 channels as

SA/N,SRI = { sA/N/SRI, 1, sA/N/SRI, 2,  …, sA/N/SRI, N+1}, where 

sA/N/SRI, i = nA/N,i,  for 1 ≤ i ≤ N, 
sA/N/SRI, i = nSRI,  for i = N + 1 

When UE transmits both ACK/NAK and SRI, it uses two of the N + 1 channels in set SA/N,SRI, for example, the first two channels sA/N/SRI, 1 and sA/N/SRI, 2. The transmission scheme for ACK/NAK and SRI is

When A/N and SR are transmitted in the same sub-frame a UE shall transmit the A/N on resource sA/N/SRI, 1 for a negative SR transmission and transmit the A/N on resource sA/N/SRI, 2 for a positive SR transmission.


[image: image2.emf]s

A/N/SRI, 1

s

A/N/SRI, 2

s

A/N/SRI, N

s

A/N/SRI, N+1

Transmit A/N if 

SRI OFF

Transmit A/N if 

SRI ON

A/N Ch 1 A/N Ch 2 A/N Ch N SRI Ch

Transmit SRI if 

No Concurrent 

ACK/NAK 


Figure 2: Example of Proposed Scheme for Concurrent ACK/NAK and SRI Transmissions
Figure 2 shows an example of the proposed method. In essence, when N = 1, the proposed method is identical to the current scheme in [2]. On the other hand, if a UE has multiple ACK/NAK channels derived from its CCEs in DL grant, the proposed method does not utilize the SRI resource for the concurrent transmission of ACK/NAK and SRI. In addition, when UE misses its DL grant, it will use the SRI resource for the transmission of SRI. Therefore, with the proposed method, explicit DTX detection can be enabled for concurrent transmission of ACK/NAK and SRI, when a UE has multiple ACK/NAK channels (i.e. N > 1).
Note that the proposed method is a simple modification to the current scheme in [2]. In FDD, it can be regarded as an improved version where explicit DTX detection can be supported. In TDD where ACK/NAK bundling is enabled, the proposed scheme allows detection of last DL grant miss in the bundling window, when UE has concurrent transmission of bundled ACK/NAK bits and SRI. 
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Figure 3: Example of DTX Detection in TDD, for Concurrent Transmission of Bundled ACK/NAK and SRI
Figure 3 shows an example, where a UE detects DL grants in m DL subframes, across which ACK/NAK bundling is performed. It has been proposed that the bundled ACK/NAK bits shall be transmitted in the ACK/NAK channel corresponding to the last detected DL subframe, such that NodeB can detect if the UE misses any further DL grant in the bundling window. However, in case UE has concurrent transmission of bundled ACK/NAK and SRI, the bundled ACK/NAK bits are transmitted on the SRI channel for a positive SRI, according to the current scheme in [2]. Therefore, NodeB cannot reply on the ACK/NAK channel index to detect if UE misses the last DL grant in the bundling window. With the proposed method, if a UE has multiple ACK/NAK channels in the last scheduled DL subframe, then NodeB can detect last DL grant miss, by the ACK/NAK channel index used for the transmission of bundled ACK/NAK bits. 
3. Summary
In summary, we propose to slightly modify the scheme in [2] for concurrent transmission of ACK/NAK and SRI, to support ACK/NAK DTX detection. In detail, we propose to append the SRI channel at the end of the dynamic ACK/NAK channels derived from the CCEs in DL grant, to form a set SA/N,SRI.
When A/N and SR are transmitted in the same sub-frame a UE shall transmit the A/N on the first channel in set SA/N,SRI (denoted as sA/N/SRI, 1) for a negative SR transmission and transmit the A/N on the second channel in set SA/N,SRI (denoted as sA/N/SRI, 2) for a positive SR transmission.
For TDD, the same principle applies, except that UE transmits bundled ACK/NAK and SRI in the ACK/NAK channels derived from the DL subframe in which the last DL grant is detected by UE.
4. References
[1] 3GPP TS36.211 v8.2.0
[2] 3GPP TS36.213 v8.2.0
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