
TSG-RAN WG1 LTE AdHoc
R1-061862
Cannes, France, June 27–30, 2006
Source:
Ericsson

Title:
Uplink Non-data-associated Control Signaling

Agenda Item:
6.3.1

Document for:
Discussion and Decision

1. Introduction

Uplink control signaling is, according to ‎[1], divided in to two groups:

· data-associated control signaling, which only is transmitted simultaneously with uplink data transmission, and

· non-data-associated control signaling, e.g., CQI and or ACK/NAK, transmitted independently of uplink data transmission.

The non-data-associated control signaling agreed in ‎[1] is listed in Table ‎1‑1. In the following, some aspects of the ACK/NAK and CQI transmission in the uplink are discussed. Non-data-associated control signaling is not treated further herein but discussed in ‎[2]. 

	Field
	Size
	Comment

	CQI
	FFS
	

	ACK/NAK
	FFS
	Up to one bit per downlink transport block. Multiple bits may be required to support downlink multi-layer transmission (if hybrid ARQ operates per layer) and in case of TDD.


Table ‎1‑1: Uplink non-data-associated control signaling (from ‎[1]).

2. ACK/NAK

The uplink ACK/NAK is transmitted in response to downlink data transmission. To minimize the delays, the timing should be defined such that it is transmitted as soon as possible after the reception of downlink data. Furthermore, using multiple stop-an-wait hybrid ARQ processes, the timing of the ACK/NAK is used to identify which hybrid ARQ process it is related to. Hence, the uplink structure must allow for transmission of ACK/NAK in any subframe.

Multiplexing of data and ACK/NAK can be done in several domains. If the single-carrier properties of the LTE uplink are to be preserved, time-multiplexing of ACK/NAK and user data is required. 

Multiple ACK/NAKs from different UEs may be transmitted simultaneously and means to distinguish the ACK/NAKs from the different UEs are required. Typically, only one or a few UEs signal ACK/NAK in the uplink at the same time as the number of simultaneously scheduled UEs in the downlink direction is relatively small. Orthogonal separation of UEs can be envisioned, avoiding intra-cell interference, if the uplink resources to be used are derived from the downlink scheduling decision.

A possible structure fulfilling the requirements above is illustrated in Figure ‎2‑1 (cyclic prefixes has been omitted from the figure for simplicity). The first long block in the uplink frame structure is split into two short blocks. The first of those short blocks is used for ACK/NAK transmission, where different UEs are separated in the frequency domain by using different ‘combs’. Which ‘comb’ to use is given by the downlink scheduling assignment. The use of distributed transmission is beneficial as it provides frequency diversity against fading. It also provides some degree of inter-cell interference diversity; interference from neighboring cells are in many cases not white but colored. 

The second short block in Figure ‎2‑1 is used for reference signals for coherent demodulation of the ACK/NAK and for channel sounding. Since the ACK/NAK spans the full uplink bandwidth, the reference signal must also do so. Not that the reference signals for coherent modulation of data not always can be used for ACK/NAK demodulation as they may not span the same frequency range as the ACK/NAK. Furthermore, they are only present in case of uplink data transmission. Finally, the presence of reference signals spanning the full channel bandwidth can be used for channel sounding
 in support of uplink channel-dependent scheduling.
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Figure ‎2‑1: Uplink ACK/NAK transmission.
3. CQI
CQI also need to be provided to the Node B. The timing of the CQI is less critical than for the ACK/NAK. Also, the CQI is typically not transmitted in every subframe but significantly less often.

Several structures are possible, e.g., introducing an additional time-multiplexed field for CQI. Another possibility is to try to reuse the same field as used for the ACK/NAK, i.e., each UE is assigned a comb to be used for CQI transmission in some subframes. CQI and ACK/NAK may need to be transmitted simultaneously. Defining independent combs for the two is not possible if the single-carrier properties are to be retained. Instead, an alternative is to use super-positioning, which theoretically can lead to a higher capacity than pure time multiplexing if the error requirements for the different information fields are dissimilar.

A simple example to illustrate the principle is given in Figure ‎3‑1. The CQI is coded into a number of bits and the ACK/NAK simply reverses the sign of the output of the coder. If only an ACK/NAK is to be transmitted, all zeros are input to the CQI coder. The signal transmitted on the ‘comb’ is therefore similar to the left of the two signal constellations in Figure ‎3‑1.

If a CQI is to be transmitted at the same time as the ACK/NAK, the signal constellation looks as illustrated to the right in the figure. The coder is preferably designed such that the distance between the two groups of signal points, the ACK points and the NAK points, is large. The distance between the points inside each group is likely to be smaller, but this is acceptable as the error requirements for the ACK/NAK are more stringent than those for the CQI.

The structure described above and illustrated in Figure ‎3‑1 can be generalized and viewed as a code taking k1 ACK/NAK bits and k2 CQI bits as input to generate an n bit codeword. Furthermore, note that the NodeB knows when to expect CQI and ACK/NAK from the UE; knowledge which can be taken into account in the decoding process to improve performance.
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Figure ‎3‑1: Transmission of CQI and ACK/NAK.

The number of ‘subcarriers’ sets an upper limit on the number of ACK/NAKs and CQIs that can be simultaneously supported. In 5 MHz, one short block contains 150 subcarriers. Taking the same size of the CQI as in HSDPA as a rough estimate, approximately 8 (150/20=7.5) simultaneously transmit a CQI and/or ACK/NAK in the uplink. 

3.1. TDD aspects

The same general structure as outlined above can be used for TDD as well as for FDD, thereby maintaining the commonality between the two duplex methods. One additional aspect with TDD is that an uplink time slot may not be available when the ACK/NAK would be transmitted in the FDD case. Obviously, the ACK/NAK has to be postponed until an uplink slot is available. Furthermore, several downlink transmission may have occurred, in which case several ACK/NAKs may have to be transmitted at the same time in the uplink. This is still possible with the structure above, the only difference being that k1=1 in the FDD case, while k1 may be larger in the TDD case. One example of a code suitable for generating multiple ACK/NAK messages in the expurgated 2nd order Reed-Muller codes of length 64. For a single ACK/NAK bit, we have dmin=64, for 2–7 ACK/NAKs, dmin(32, and for 8–10 ACK/NAKs, dmin(16. 

3.2. MIMO aspects

MIMO may require multiple ACK/NAKs in case of multi-stream transmission. This is the same situation as discussed for TDD above and the same approach for encoding can be used.
4. Coverage

Coverage of uplink control signaling is of major importance ‎[3]. As the ACK/NAKs have strict error requirements, a transmission duration of one short block can be critically short in some environments, especially if the CQI has to be transmitted simultaneously.  One possibility to address this is to use a longer TTI in wide-area cells, created by concatenating multiple subframes. This would also improve the data coverage in those cases.
5. Conclusion
Multiplexing of uplink non-data-associated control signaling and uplink data has been discussed and one possible structure has been presented. It is proposed that RAN1 agrees on time-multiplexing of uplink data and non-data-associated control.
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� This requires the sparse sounding pilot to be transmitted at regular intervals, not only when an ACK/NAK is to be transmitted.
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