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1. Introduction
This contribution presents some further considerations on multiplexing method of shared control channels (SCCH) in Evolved UTRA uplink radio access based on the discussion [1][2][3] in RAN1#42bis meeting.
2. Further considerations on multiplexing scheme of uplink SCCH
2.1. Categories of data-independent shared control signaling
As discussed in [1], the physical layer signalling for the uplink can be divided into two categories: data-dependent signalling and data-independent signalling. The data-independent signaling is mostly related to downlink transmission, for example, ACK/NACK is the feedback of previous downlink data transmission, while CQI feedback is for future downlink scheduling. Especially for ACK/NACK channel, it has a fixed relationship with associated downlink shared control channel that indicates resource allocation for downlink shared data channel. So a pre-defined DL-associated shared Time-Frequency Resources (TFR) pool can be established to transmit such ACK/NACK signaling without any user identification indication. CQI can also be considered to be transmitted in this TFR pool. 

Therefore, there are three types of Time-Frequency Resources which can be used for data-independent signaling transmission. 

TFR1: Pre-defined DL-associated shared TFR
TFR2: TFR allocated together with uplink shared data channel of the same user
TFR3: Pre-defined isolated shared TFR 
On the other hand, according to whether UE has previous downlink data transmission (so ACK/NACK channel should be transmitted at the current TTI) and whether UE has uplink data transmission (i.e. whether UE is being scheduled in uplink) at the current TTI, UEs can be divided into four kinds, i.e. UE that has both previous downlink data and uplink data, UE that only has previous downlink data, UE that only has uplink data and UE that has neither downlink nor uplink data.
The possible combination of TFR for data-independent signaling and each kind of UE is shown in Table 1. 

For UE with both downlink data and uplink data, its data-independent signaling (ACK/NACK and/or CQI) can be transmitted in any kinds of these three TFRs.
For UE with downlink data and without uplink data, its data-independent signaling (ACK/NACK and/or CQI) can be transmitted in either TFR1 or TFR3. 

For UE without downlink data and with uplink data, its data-independent signaling (only CQI) can be transmitted in either TFR2 or TFR3. 
For UE with neither downlink data nor uplink data, its data-independent signaling (only CQI) can only be transmitted in TFR3.
Table 1:
	
	UE with both DL and UL data
	UE with DL & without UL data
	UE without DL

& with UL data
	UE with neither DL nor UL data

	TFR1
	√
	√
	×
	×

	TFR2
	√
	×
	√
	×

	TFR3
	√
	√
	√
	√


2.2. Overhead considerations on multiplexing scheme of uplink SCCH
The overhead for additional pilot for control signaling demodulation and user identification indication (UE ID) should also be considered. 

For data-dependent control signaling that are TDM multiplexed with shared data channel, there is no need for UE ID signaling. Moreover, since it can use the same pilot with data channel for channel estimation, there is no need for additional pilot. 

For data-independent control signaling transmitted in TFR1, the TFR allocation of uplink control signaling corresponds to that of downlink data for the same UE and can be easily deduced from the downlink resource allocation, so there is no need for UE ID indication. However, it needs additional pilot for demodulation.

For data-independent control signaling transmitted in TFR2, similar to the data-dependent control signaling, there is no need for either additional pilot or UE ID. 

For data-independent control signaling transmitted in TFR3, both additional pilot and UE ID are needed.
2.3. Multiplexing scheme of uplink SCCH
According to the overhead discussion in 2.2, we propose another multiplexing scheme of shared control channels, which corresponds to the selected combinations signed by red “√” in Table 1.
If a UE has only downlink data transmission, its data-independent signaling is transmitted in TFR1, which means its data-independent signaling should be transmitted in a pre-defined DL-associated shared TFR pool, so UE ID indication can be omitted, but the pilot is still needed. 

If a UE has only uplink data transmission, its data-independent signaling is transmitted in TFR2, which means its data-independent signaling should be transmitted along with its uplink shared data channel, thus both UE ID signaling and pilot can be omitted. Here, the data-independent signaling may be TDM with shared data channel in TFR2

If a UE has both downlink data and uplink data transmission, its data-independent signaling can be transmitted in either TFR1 or TFR2 and the latter is preferred considering the pilot cost.

If a UE has neither downlink data nor uplink data, its data-independent signaling is transmitted in TFR3, which means its data-independent signaling has to be transmitted in a pre-defined isolated shared TFR pool. In such case, both UE ID signaling and pilot symbols are needed.
To sum up, our recommended scheme is, for UE with only previous downlink data transmission, its data-independent signaling is transmitted in a pre-defined DL-associated shared TFR pool; for UE with only uplink data transmission, its data-independent signaling is transmitted along with its uplink shared data channel; for UE with both previous downlink data and uplink data transmission, its data-independent signaling can be transmitted either in a pre-defined DL-associated shared TFR pool or together with its uplink shared data channel; for UE with neither previous downlink data nor uplink data transmission, its data-independent signaling is transmitted in a pre-defined isolated shared TFR pool.
This multiplexing scheme is shown in Figure 1. 

[image: image1]
Figure 1 Proposed Multiplexing Scheme
3. Conclusion

This contribution presents a multiplexing scheme of uplink shared control channel to other physical channels in Evolved UTRA. Three kinds of TFR pools can be established to transmit data-independent signalling. According to whether UE has previous downlink data transmission and/or whether UE is being scheduled at the current uplink TTI, different type of TFR pool is selected. As a result, the overhead associated with UE ID and pilots is further reduced. In the following section, we give the associated TP. 
--- Text Proposal (Section 9.1.1.2.x in TR 25.814) ---
---------------------------------  Start of Text Proposal  -----------------------------------------------------
9.1.1.2.x Multiplexing of shared control channels

In SC-FDMA radio access, shared control channel conveying L1 and L2 signaling bits can either be time-multiplexed or frequency-multiplexed with other physical channels as shown in Fig. 1. In Fig. 1(a), L1 and/or L2 signaling bits are time-multiplexed with shared data channel and pilot channel within the sub-frame. In Fig. 1(b), the data-dependent signaling bits (e.g., TFRI etc) are time-multiplexed with the shared data channel, while the data-independent signaling bits (e.g., ACK/NACK, CQI etc) are time-multiplexed exclusively in a pre-defined time-frequency region. The merit of employing time-multiplexing is to maintain the advantage derived from the low PAPR features associated with single-carrier based radio access.

In the case of frequency-multiplexing shown in Fig.1(c), the data-independent signaling bits are multiplexed on orthogonal frequency resource over the entire sub-frame. The frequency-multiplexing approach allows for continuous transmission of control information within a sub-frame and may be beneficial in power limited situations. The frequency-multiplexing will result in increased PAPR in some cases. Therefore the impact of the frequency-multiplexing on PAPR should be carefully investigated.

In Fig. 1(d), the data-dependent signaling is time-multiplexed with the shared data channel, while three kinds of Time-Frequency Resource (TFR) pools are established for data-independent signaling transmission. If a UE is transmitting ACK/NACK and not transmitting on uplink shared data channel, its data-independent signaling is transmitted in a pre-defined DL-associated shared TFR pool. If a UE is transmitting on uplink shared data channel and not transmitting ACK/NACK, its data-independent signaling is transmitted along with its uplink shared data channel. If a UE is transmitting both ACK/NACK and uplink shared data, its data-independent signaling can be transmitted either in a pre-defined DL-associated shared TFR pool or together with its uplink shared data channel. If a UE is transmitting neither ACK/NACK nor uplink shared data, its data-independent signaling has to be transmitted in a pre-defined isolated shared TFR pool.
Note that for the users who are transmitting the shared data channel in Figs. 1(b) , 1(c) and 1(d), both the data-dependent and data-independent signaling bits can be time-multiplexed within a sub-frame to obtain the benefit of low PAPR features.

The amount of overhead needed for the L1 and L2 signaling bits and the exact mapping to time-frequency resource needs further investigation. 
Note that Figs. 1(a)-(d) show localized allocation only but the multiplexing options described above are also applicable for distributed allocation.
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(a) Multiplexing scheme (a)
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(b) Multiplexing scheme (b)
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(c) Multiplexing scheme (c)
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(d) Multiplexing scheme (d)
Figure 1 – Multiplexing scheme for shared control, shared data, and pilot channels 
(Note: Figure 1 is used for illustration purpose only, and the positions of pilot, control, and data channels within the sub-frame do not specify the actual configuration) 
--------------------------------- End of Text Proposal  -----------------------------------------------------
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