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1 Introduction
At Seoul meeting, a working assumption was concluded on uplink non-data-associated control signaling multiplexing: using a reserved frequency for transmission in absence of data, while multiplexing of control and data prior to DFT in presence of data.

In this contribution, we will provide further analysis for this non-data-associated control signaling design from the perspectives of data retransmission, rate matching/transport block size design and UE capability.
2 Further implications of UL Non-data-associated Control Signaling Scheme
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Figure 1 Transmission of non-data-associated control signaling [1]
2.1 Control Signaling Transmission in Absence of Data

If non-data-associated control signaling is transmitted in absence of data as shown in Figure 1(a), frequency hopping is preferred from one frequency band edge to the other at the subframe boundary of a TTI. Then it comes the problem that, if the system bandwidth is larger than the UE transmission capability, e.g., a UE with 10 MHz transmission capability operating on a 20 MHz system, how the UE reaches the other band edge in a TTI.

One method was provided in [2] that the 10 MHz UE performs hopping over 20 MHz at the subframe boundary within a TTI with some guard time as shown in Figure 2.
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Figure 2 Hopping between two 20MHz band edges with some guard time
But this scheme requires the 10 MHz UEs to frequently switch between the top sub-carriers in the upper 10MHz and the bottom sub-carriers in the lower 10MHz at the subframe boundaries of each TTI; this may increase the implementation complexity significantly and waste the resources of guard time.
Another method was provided in [3]: splitting the bandwidth into two 10MHz bands and obtaining the corresponding 4 band edge control regions as illustrated in Figure 3.


[image: image3]
Figure 3 Band splitting and 4 band edges for control signaling
If two 10 MHz bands and 4 band edges [3] are supported, then in order to maintain the single-carrier property, the 20 MHz UEs have to choose one from the two 10MHz bands, its data transmission has to be restricted within 10MHz spectrum, so the higher capability, e.g., 20 MHz, will be useless. 
2.2 Control Signaling Transmission in Presence of Data
In presence of data, the adopted control signaling transmission scheme, as shown in Figure 1(b), may implicate the design of data retransmission and rate matching/transport block size.
2.2.1 Implication on Data Retransmission

The non-data-associated control signaling is generally triggered by downlink data transmissions or has its own period, which is independent of the uplink data transmission. Thus when being simultaneously transmitted with uplink data, the uplink control signaling may be accompanied by the new data transmission or retransmissions. Note here the non-data-associated control signaling may not be retransmitted by HARQ process.
Two options may be employed to implement the multiplexing of data and non-data-associated control signaling.
Option 1—the control signaling portion in data resource is preserved in every TTI for each scheduled UE, as shown in Figure 4.
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Figure 4 Schematic resources occupation of Option 1
When UEs are scheduled to transmit data in uplink: 
· If simultaneous non-data-associated control signaling is generated, then it will occupy part of the resources scheduled for uplink data transmission, shown as the yellow part in Figure 4. When data retransmissions occur, the resources previously occupied by control signaling will be released as plotted in Figure 4, the black part.
· If there is no simultaneous non-data-associated control signaling for new data transmission, some resources should be preserved, the black part in Figure 4, in order to ensure the possible following transmission of the control signaling. 
Although this is a simple implementation, the waste of resource may be inevitable.
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Figure 5 Schematic resources occupation of Option 2
Option 2: no control signaling portion in data resource is preserved for each scheduled UE as shown in Figure 5. 
The uplink data transmission proceeds regardless of the presence of non-data-associated control signaling. In case they appear simultaneously, more transport block sizes are needed for new data transmission or more flexible rate matching has to be supported for retransmissions.  
2.2.2 Implication on Rate Matching or Transport Block Size Design
If the non-data-associated control signaling is transmitted according to Option 1, the remained resources for data transmission are stable and will cause little implication on transport block size design.  
As for Option 2 shown in Figure 5, the content of non-data-associated control signaling may vary and contain, e.g., ACK/NAK only, CQI only, both or none of them. Even if the control signaling content is stable, the relevant resource proportion changes with the scheduled data resources no matter the non-data-associated control signaling is modulated with fixed MCS or flexible MCS. All these will introduce additional complexity for rate matching or transport block size design.
3 Summary
This document raises the concerns of uplink control signaling design and may be summarized as follows.
When non-data-associated control signaling is transmitted in absence of data, band edge regions may be used, then for the scenario of large bandwidth (e.g. 20MHz) but low transmission capability UE, two methods have been described:

· Hopping frequently at the subframe boundary of each TTI. This may increase the implementation complexity significantly and waste the resources of guard time.
· Splitting the large bandwidth into two 10MHz bands and obtaining the corresponding 4 band edge control regions. In order to maintain the single-carrier property, the 20 MHz UE has to choose one from the two 10MHz bands, its data transmission has to be restricted within 10MHz, so the higher capability will be useless.
When transmitted in presence of data, non-data-associated control signaling will be accompanied by the new data transmission or retransmission, two possible options are:

· Preserving resource for control signaling, no matter it is a new data transmission or retransmission. This is a simple option but results in resource waste; or
· Maintaining the uplink data transmission regardless of the presence of non-data-associated control signaling. In case they appear simultaneously, more transport block sizes are needed for new data transmission or more flexible rate matching has to be supported for retransmissions. Inevitably these will introduce additional complexity for rate matching or transport block size design.
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