3GPP TSG RAN WG1 #54                                                                                            
      R1-083127
Jeju, South Korea, August 18 – 22, 2008
Source:           
Texas Instruments
Title:               
Concurrent Transmission of Multiple ACK/NAK and SRI in TDD UL 
Agenda Item: 
6.3
Document for: 
Discussion and Decision

1. Introduction
Concurrent transmission of various UL control signaling in FDD is discussed in [3]. In TDD, due to different DL/UL subframe configurations, two possible ACK/NAK transmission schemes exist, i.e. pure ACK/NAK bundling and multi-bit ACK/NAK transmission. In this contribution, we discuss concurrent transmissions of multi-bit ACK/NAK and SRI in TDD. 
2. Multi-bit ACK/NAK + SRI

Depending on the TDD DL/UL configuration, there could be 1, 2, 3, 4, and 9 DL subframes associated with 1 UL subframe. For the UL subframe associated with only one DL subframe, the transmission scheme of ACK/NAK + SRI can follow the same principle as in FDD [2]. In other words, the 1 or 2 ACK/NAK bits are transmitted on the SRI channel if SRI is positive, and transmitted on the ACK/NAK channel if SRI is negative.

For an UL subframe associated with multiple DL subframes, the transmission scheme of multi-bit ACK/NAK and SRI can be

· If SRI is negative, transmit multiple ACK/NAK bits.

· If SRI is positive, bundle the ACK/NAK bits into 1 or 2 bundled ACK/NAK bits and transmit the bundled ACK/NAK bits on the SRI channel. 

Since a 2-bit DAI exists in each dynamically scheduled DL subframe, UE can utilize DAI to detect possible DL grant miss. In case of ACK/NAK bundling (without concurrent CQI or SRI), upon the detection of a DL grant miss, UE shall transmit DTX. On the other hand, for concurrent transmission of bundled ACK/NAK and SRI, UE shall transmit NAK on the detection of any DL grant miss. According to the bundling rule (i.e. a logical “AND” operation across all ACK/NAK bits), for an UL subframe associated with N (N = 2, 3, 4, or 9) DL subframes, the following possible ACK/NAK feedback states exist, i.e. {NAK, ACK1, ACK2, …, ACKN}, where ACKi denotes UE has received i packets correctly.

For N = 2 or 3, we propose to use the QPSK mapping scheme in Figure 1 to convey the bundled ACK/NAK bits on the SRI channel, in case of a positive SRI.
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Figure 1: QPSK mapping bundled ACK/NAK bits, N = 2 (left), N = 3 (right)
For N = 4 or 9, we propose to use the QPSK mapping scheme in Figure 2 to convey the bundled ACK/NAK bits on the SRI channel, in case of a positive SRI.
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Figure 2: QPSK mapping bundled ACK/NAK bits, N = 4 (left), N = 9 (right)
Note that for N = 4 or 9, there are multiple ACK/NAK feedback states sharing the same QPSK symbol. Higher order modulation can be adopted such that each ACK/NAK feedback state corresponds to a unique QAM symbol. The detection performance, however, degrades significantly for higher order modulation.
Since there are multiple states sharing the same QPSK symbol, there exists an irreducible error floor. For instance, if a UE is scheduled in 4 DL subframes, NodeB cannot distinguish the following two events:
a) UE decodes the first PDSCH (also PDCCH) correctly, while missing the last 3 DL grants. 

b) UE decodes all four PDSCH correctly.

The error floor is dominated by the probability of UE correctly receiving the first DL grant while missing the next three DL grants. Table 1 shows that given average DL grant detection BLER of 1%, the probability of one DL grant pass followed by three DL grant misses is less than 0.1%. In addition, the error event can only occur if a UE has a positive SRI while being scheduled in more than 4 DL subframes. Therefore, the overall error probability of mixing event a) and b) is negligible. Table 2 shows other simulation parameters.
Table 1: Probability of one DL grant pass followed by three DL grant misses

	PDCCH BLER
	Required SNR (dB)
	Probability of one DL grant pass followed by three DL grant misses

	1%
	-3 dB
	0.04%

	5%
	-4 dB
	0.4%


Table 2: PDCCH Link Level Simulation Results

	DCI format
	Format 1

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2, uncorrelated

	UE Speed
	3 km/h

	Channel Model
	ETU

	PDCCH CCE Aggregation Level
	8


3. Summary
In this contribution, a transmission scheme for multi-ACK/NAK and SRI in TDD is proposed. The described scheme enables using DAI as pure counter in case of concurrent transmission of ACK/NAK and SRI. QPSK is proposed as the modulation scheme, which guarantees satisfactory detection performance. Moreover, link level simulations show that the event of one DL grant pass followed by three consecutive DL grant misses is of low probability. Therefore, we recommend capturing the described method as the transmission scheme of multi-bit ACK/NAK with SRI in TDD.
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