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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. In the following, a general structure for transmission of ACK/NAK and CQI transmission is outlined. Additional aspects of the proposal can be found in ‎[5].  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: Uplink non-data-associated control signaling (from ‎[1]).
2. General Structure – Multiplexing
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
. This leads to two situations for transmission of uplink control signaling:

· simultaneous transmission of control signaling and data in the uplink, and

· transmission of control signaling only.

In case of simultaneous transmission of data and control signaling, TDM of data and control is the only possibility if the single-carrier property of the LTE uplink is to be maintained. TDM basically implies that data and control are time-multiplexed before the DFT precoder. Thus, the control bits may be located in multiple long blocks as illustrated in the left part of Figure 1 and there is no fundamental reason why they need to be in a single long block only. With TDM, uplink control signaling occurs at the same frequency resources as the data transmission. 
In case of control signaling only, there are no data resources scheduled and obviously TDM cannot be used. Instead, a separate frequency region is reserved for control signaling from UEs not having simultaneous data transmission. This is schematically illustrated in the right part of Figure 1. For illustrational purposes, the reference signal structure has been maintained in the right part of the figure but in principle this could be modified if necessary. Also, hopping is used in the figure for additional diversity. Preferably, the reserved resources for control signaling should not fragment the spectrum reserved for scheduling of other UEs data, i.e., the ‘outer parts’ of the spectrum should be reserved for control signaling
. 

Since the scheduling decisions are known to the Node B, the control signaling receiver knows which structure to expect (assuming the control signaling is properly detected in the UE).
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Figure 1: Schematic illustration of the proposed principle for uplink control signaling.

The use of two different structures also provides a coverage benefit. With TDM, the duration of the control field is relatively short, significantly shorter than 1 ms (otherwise no user data would fit into the subframe). In very large cells, this may not allow for a sufficient amount of received energy. One possibility to address this is to perform scheduling in such a way that the Node B does not schedule any uplink data transmissions from a UE if an ACK/NAK is expected from that UE, thereby ensuring that the UE will use the full 1 ms duration for ACK/NAK signaling. A similar approach can be used for CQI. 
The same generic structure is proposed to be used for other non-data-associated control signaling, e.g., CQI.

3. Multiple Access – ACK/NAK from multiple UEs

A UE transmitting non-data-associated control signaling but no user data is using the yellow region in the right part of Figure 1. However, as there may be multiple UEs transmitting ACK/NAK at the same time, a strategy for sharing the reserved frequency resource between UEs in the same cell is required. In principle, two possibilities are of interest:

· sharing in the frequency domain, i.e., ACK/NAKs from different UEs are separated by using different ‘subcarriers’ within the ‘yellow spectrum’, or

· sharing in the code domain, i.e., ACK/NAKs from different UEs are separated by using different (orthogonal) code sequences.

Frequency-domain sharing is conceptually straightforward. However, this solution will have an impact on the reference signal structure. The smaller the number of ‘subcarriers’ per ACK/NAK, the smaller the number of Zadoff-Chu sequences for reference symbols, which can complicate the deployment of the system. This is a potential issue already for data transmission with its smallest allocation of 12 ‘subcarriers’ ‎[4] and allocating an even smaller resource for ACK/NAK from a single UE will make the problem even worse. Furthermore, frequency-domain sharing also lacks of averaging of the inter-cell interference. In the case of two (synchronized) neighboring cells, control signaling for one user in cell 1 is interfered by a single user in the neighboring cell. Hence, the interference level seen on one of the uplink control ‘channels’ may vary significantly. There may also be RAN4 aspects that need to be considered, e.g., whether a high transmission power on one (or a few) ‘subcarriers’ is problematic from an out-of-band emission perspective.

Code-domain sharing in essence implies a user in one cell is interfered by the average interference on the control resources in the neighboring cell. This translates into smaller interference variations seen by a control ‘channel’. Within the cell, (orthogonal) codes are used to separate users, e.g. cyclic shits of CAZAZ sequences. These sequences could either be used for direct-sequence spreading over the full ‘yellow bandwidth’ or for frequency hopping within the ‘yellow bandwidth’. Similarly to frequency-domain sharing, there is no intra-cell interference. Code-domain sharing also provides the possibility to increase the number of simultaneous ACK/NAK messages by using non-orthogonal resources if this would be necessary. Finally, the number of available Zadoff-Chu sequences for reference signals (if those are used) is also less of an issue thanks to the larger number of ‘subcarriers’ used for ACK/NAK signaling.

Which channelization resources, i.e., ‘subcarrier’ set or orthogonal code, to use for ACK/NAK could be determined by the downlink scheduling assignment. For example, if the scheduling assignment for downlink data transmission was transmitted on downlink control channel i, uplink resource i is used for ACK/NAK. This ensures an orthogonal separation of ACK/NAKs from different UEs.
4. 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 

· Transmission of data-non-associated control using

· TDM of data and control in case of simultaneous transmission of control signaling and data in the uplink
· Reserved frequency regions for control in case of control signaling without simultaneous uplink data transmission
· Code sequences to separate simultaneous control signaling from multiple UEs

· The same principle should be used for FDD and TDD
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� Strictly speaking, this statement holds for FDD only. For TDD, uplink ACK/NAKs can obviously only be transmitted in an uplink subframe, i.e., the ACK/NAK may in some cases be delayed until an uplink subframe occurs.


� This may also be beneficial form an RF perspective as these bands could be seen as additional guard bands when data transmission occurs. However, the interference situation at the band edges, e.g., from coexistence between non-synchronized TDD systems, need to be taken into account.





_1221328029.doc
[image: image1.emf]frequency


1 ms subframe pair


Only L1/L2 control transmitted, no uplink user data.


Data Data Reference signal Reference signal Control Control


Simultaneous transmission of L1/L2 control and 


uplink user data.


Simultaneous transmission of L1/L2 control and 


uplink user data.





