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1. Introduction

Several multiplexing methods for uplink shared control channel have been discussed [1] – [3]. In this document, we further discuss some considerations on scheduling and multiplexing of uplink L1/L2 control signaling in SC-FDMA. 
2. Proposed Scheduling and Multiplexing of CQICH and ACKCH 
For convenience, the uplink control channel that transmits CQI is called uplink CQICH, and the uplink control channel that transmits ACK/NACK is called uplink ACKCH. 

2.1 Scheduling of uplink CQICH

We propose that scheduling of uplink CQICH should follow these rules: 
· When there are no downlink data for a UE in the buffer at the Node B, no CQI reporting needs to be scheduled. 

· Node B schedules CQI reporting and allocates uplink CQICH before the initial downlink transmission or after an idle period between transmissions. CQI is scheduled to be reported every K TTIs.
· The uplink CQICH positions (in time and frequency domains) together with reference signals (pilots) should be known for both Node B and UE so that UE ID does not need to be transmitted. Node B can allocate Time-Frequency Resources (TFR) and corresponding reference signals positions explicitly to the UE at initial scheduling of CQI reporting.

· The scheduling mode of downlink data transmission for the UE can be changed dynamically according to various factors such as UE mobility. Different scheduling modes require different amounts of CQI feedback. Therefore, different uplink CQICH types corresponding to different amounts of CQI feedback should be defined and allocated/scheduled accordingly. 
· Uplink CQICH can be dynamically reconfigured during the call when the Node B switches between different scheduling modes. 
· Node B (implicitly or explicitly) de-allocates the uplink CQICH for the UE after all the downlink data for the UE in the buffer at the Node B have been transmitted successfully. 
· If in some cases ACK/NACK is also transmitted on the TFR allocated for CQICH, then the allocated TFR has to be configured large enough for both CQI bits and ACK/NACK bits.

2.2 Scheduling of uplink ACKCH

ACK/NACK reporting in UL should be associated with DL data transmission. UE should infer the uplink ACKCH positions from some information related to associated downlink data transmission. Two similar approaches have been discussed in [2] and [3]. It was suggested in [2] that ACKCH has a fixed relationship with associated downlink shared control channel that indicates resource allocation for downlink shared data channel. As in [3], it was suggested that ACKCH has a fixed relationship with assigned downlink data channel. With either approach, a pre-defined shared TFR pool can be established to transmit ACK/NACK signaling in the uplink without UE ID indication. It is FFS which method should be used for E-UTRA. The initial observation is that the reliability of inferring ACKCH positions from downlink shared control channel is at least the same as, if not higher than, the reliability of interring ACKCH positions from assigned downlink shared data channel.
If in some cases CQI is also transmitted on the TFR allocated for ACKCH, then the allocated TFR has to be configured large enough for both CQI bits and ACK/NACK bits. 
3. Proposed Multiplexing of Uplink Data-Non-Associated Control Information
Similar to [2], there are three types of time-frequency resources that can be used to transmit uplink data-non-associated control information:
· TFR1: Pre-defined DL-associated shared TFR. This one is primarily for transmission of ACK/NACK and possibly other information as well. Transmission in TFR1 does not need UE ID. 
· TFR2: Shared TFR allocated for uplink shared data channel of the same UE. Transmission in TFR2 does not need UE ID.
· TFR3: Shared TFR allocated at initial scheduling of CQI reporting. This one is primarily for transmission of CQI and possibly other information as well. Transmission in TFR3 does not need UE ID.
Note: Given that usually CQI has more bits than ACK/NACK, the size of the pre-allocated TFR3 should be larger than the size of the pre-defined TFR1.
The following aspects should be considered in comparison of different multiplexing schemes: 

· Pilot overhead: different schemes require different amounts of pilot overhead. 
· Potential waste of resources: pre-defined TFR2 or pre-allocated TFR3 may not be used in some multiplexing schemes, therefore is considered to be wasted unless Node B allocates them to other UEs (which would make Node B scheduling very complicated). 
· UL data rate reduction: effective UL data rate (excluding control bits) may be reduced if TFR2 is used to transmit data-non-associated control information.  
Since transmission of data-non-associated control information in any of TFR1, TFR2 or TFR3 would not require UE ID, there is no need to consider overhead of UE ID in comparison.

Depending on whether CQI is reported every TTI, different multiplexing methods can be used for uplink data-non-associated control information. 
3.1 Multiplexing when CQI is reported every TTI
The following multiplexing methods are possible in different cases (whether UE has previous downlink data transmission, and/or has uplink data transmission).
Case 1: UE has no previous downlink data transmission and no uplink data transmission in the current TTI. 

· CQI can only be transmitted on the pre-allocated TFR3. 
Case 2: UE has previous downlink data transmission, but no uplink data transmission in the current TTI.

Method A: ACK/NACK is transmitted with CQI on the pre-allocated TFR3. 
Method B: CQI is transmitted with ACK/NACK on the pre-defined TFR1. 
Method C: ACK/NACK is transmitted on the pre-defined TFR1, and CQI is transmitted in the pre-allocated TFR3.
Case 3: UE has uplink data transmission in the current TTI, but no previous downlink data transmission. 
Method A: CQI is transmitted in the pre-allocated TFR3. 
Method B: CQI is transmitted in the TFR2. 
Case 4: UE has both previous downlink data transmission and uplink data transmission in the current TTI. 

Method A: ACK/NACK and CQI are both transmitted in the TFR2.
Method B: ACK/NACK is transmitted with CQI bits in the pre-allocated TFR3.

Method C: CQI is transmitted with ACK/NACK in the pre-defined TFR1.
Method D: ACK/NACK is transmitted in the pre-defined TFR1, and CQI is transmitted in the pre-allocated TFR3.
For cases with several possible multiplexing schemes (cases 2-4), comparisons are presented in tables 1-3 respectively. 

Table 1: Comparison of multiplexing methods in case 2.
	Case 2: DL data only
	ACK/NACK
	CQI
	Pilot overhead
	Potential waste of resources (in all cases)
	UL data rate reduction

	Method A
	TFR3
	TFR3
	= B and < C
	Part of TFR3 if without DL data*
	N/A

	Method B
	TFR1
	TFR1
	= A and < C
	All TFR3 if with DL data, >A
	N/A

	Method C
	TFR1
	TFR3
	> A, B
	None
	N/A


Table 2: Comparison of multiplexing methods in case 3.
	Case 3: UL data only
	ACK/NACK
	CQI
	Pilot overhead
	Potential waste of resources (in all cases)
	UL data rate reduction

	Method A
	N/A
	TFR3
	> B
	None
	No

	Method B
	N/A
	TFR2
	< A
	All TFR3 if with UL data
	Yes


Table 3: Comparison of multiplexing methods in case 4.
	Case 4: both DL & UL data
	ACK/NACK
	CQI
	Pilot overhead
	Potential resource waste (in all cases)
	UL data rate reduction

	Method A
	TFR2
	TFR2
	< B, C, D
	All TFR3 if with UL data*
	Yes

	Method B
	TFR3
	TFR3
	>A, =C and <D
	Part of TFR3 if without DL data*
	No

	Method C
	TFR1
	TFR1
	>A, =B and <D
	All TFR3 if with DL data
	No

	Method D
	TFR1
	TFR3
	> A, B, C
	None
	No


*: If this method is used, there is no need to use pre-defined TFR1 for UL ACKCH in all cases. 
As shown in tables 1-3, each multiplexing scheme has its pros and cons. If we assume the priorities of the comparison criteria are in the descending order of pilot overhead, potential resources waste, and UL data rate reduction. Then, method A is recommended for case 2, method B is recommended for case 3, and method A is recommended for case 4. 
In summary, the recommendation is

· CQI and ACK/NACK (if any) are transmitted in the pre-allocated TFR for CQICH when the UE has no uplink data transmission; 
· CQI and ACK/NACK (if any) are transmitted with uplink shared data channel when the UE has uplink data transmission.
· Pre-defined DL-associated TFR1 will not be used for UL ACKCH at all.
3.2 Multiplexing when CQI is reported less frequently than every TTI
Since CQI is not reported every TTI, two more cases (5 and 6) are considered in addition to the cases 1-4 as in the section 3.1. Since either CQI or ACK/NACK will reported every TTI, both pre-defined TFR1 and pre-allocated TFR3 will be used.
Case 5: UE has previous downlink data transmission only, and the CQI is not scheduled to be reported in the current TTI.

· ACK/NACK can only be transmitted in the pre-defined TFR1.

Case 6: UE has both previous downlink data transmission and uplink data transmission in the current TTI, and CQI is not scheduled to be reported.

Method A: ACK/NACK is transmitted in the TFR2.
Method B: ACK/NACK is transmitted in the pre-defined TFR1.

Comparisons of multiplexing schemes of cases 2-4 are updated (since CQI is not reported every TTI, pre-defined TFR1 will be used), and presented with comparison of possible multiplexing schemes in case 6 in tables 4-7 respectively. 
Table 4: Comparison of multiplexing methods in case 2.
	Case 2: DL data & CQI reporting
	ACK/NACK
	CQI
	Pilot overhead
	Potential resource waste (in all cases)
	UL data rate reduction

	Method A
	TFR3
	TFR3
	= B and < C
	Part of TFR3 if without DL data, all TFR1 if CQI is reported
	N/A

	Method B
	TFR1
	TFR1
	= A and < C
	All TFR3 if with DL data, part of TFR1 if CQI is not reported. >A*
	N/A

	Method C
	TFR1
	TFR3
	> A, B
	None
	N/A


*: Given that usually CQI has more bits than ACK/NACK, the size of the pre-allocated TFR3 should be larger than the size of the pre-defined TFR1. 

Table 5: Comparison of multiplexing methods in case 3 (unchanged).
	Case 3: UL data & CQI reporting
	ACK/NACK
	CQI
	Pilot overhead
	Potential resource waste (in all cases)
	UL data rate reduction

	Method A
	N/A
	TFR3
	> B
	None
	No

	Method B
	N/A
	TFR2
	< A
	All TFR3 if with UL data
	Yes


Table 6: Comparison of multiplexing methods in case 4.
	Case 4: both DL & UL data, and CQI reporting
	ACK/NACK
	CQI
	Pilot overhead
	Potential resource waste (in all cases)
	UL data rate reduction

	Method A
	TFR2
	TFR2
	< B, C, D
	All TFR1 and TFR3 if with UL data
	Yes

	Method B
	TFR3
	TFR3
	>A, =C and <D
	Part of TFR3 if without DL data, all TFR1 if CQI is reported.
	No

	Method C
	TFR1
	TFR1
	>A, =B and <D
	All TFR3 if with DL data, part of TFR1 if CQI is not reported.
	No

	Method D
	TFR1
	TFR3
	> A, B, C
	None
	No


Table 7: Comparison of multiplexing methods in case 6.
	Case 6: both DL & UL data, no CQI reporting
	ACK/NACK
	CQI
	Pilot overhead
	Potential resource waste (in all cases)
	UL data rate reduction

	Method A
	TFR1
	N/A
	> B
	No
	No

	Method B
	TFR2
	N/A
	< A
	All TFR1 if with UL data
	Yes


With the same priority order assumed for the three comparison criteria, method A is recommended for case 2, method B is recommended for case 3, method A is recommended for case 4, and method B is recommended for case 6. 
Another benefit of method A over method B in case 2 is that, if downlink shared control channel (DL-SCCH) is not decoded correctly, ACK/NACK will not be transmitted (because UE does not know there was previous downlink data transmission). However, in method B of case 2, Node B thinks CQI bits are transmitted with ACK/NACK on the pre-defined DL-associated TFR This will cause a problem.

In summary, the recommendation is 
· For UE with neither previous downlink data transmission nor uplink data transmission, CQI will be transmitted in pre-allocated TFR; 
· For UE with previous downlink data transmission only and CQI is scheduled to be reported, CQI and ACK/NACK will be transmitted together in pre-allocated TFR; 
· For UE with previous downlink data transmission only and CQI is scheduled to be reported, ACK/NACK will be transmitted in pre-defined DL-associated TFR;
· For UE with uplink data transmission (regardless of whether there is previous downlink data), ACK/NACK and/or CQI will be transmitted with uplink shared data channel.
4. Conclusions

In this contribution, we discussed the scheduling and multiplexing of CQI and ACK/NACK for SC-FDMA. Three different types of time-frequency resources can be used to transmit uplink data-non-associated control information. Based on the comparison between different multiplexing schemes, different type of time-frequency resource is recommended for each case (whether UE has previous downlink data transmission, and/or has uplink data transmission and etc.). 
--------------------------------------------------- Start of Text Proposal ------------------------------------------------
9.1.1.2.2
Multiplexing of L1/L2 control signaling

There are two types of L1 and L2 control-signaling information:

· data-associated signaling (e.g., transport format and hybrid ARQ information), which is associated with uplink data transmission, and

· data-non-associated signaling (e.g., CQI and/or ACK/NACK due to downlink transmissions, and scheduling requests for uplink transmission).

Furthermore, three multiplexing combinations for the uplink pilot, data, and L1/L2 control signaling within a sub-frame are considered for a single UE:

· Multiplexing of pilot, data, and data-associated L1/L2 control signaling 

· Multiplexing of pilot, data, and data-associated and data-non-associated L1/L2 control signaling 

· Multiplexing of pilot and data-non-associated L1/L2 control signaling 

In single-carrier FDMA radio access, time-domain multiplexing is used for the above-mentioned three multiplexing combinations as shown in Figure. 9.1.1.2.2-1, in order to retain the advantageous single-carrier feature with a low PAPR.

Figure. 9.1.1.2.2-2 shows a multiplexing scheme for L1/L2 control signaling, data, and pilot. In Figure 9.1.1.2.2-2(a), both data-associated and data-non-associated control signaling are time-multiplexed with data and pilot within the sub-frame. Furthermore, the data-associated and data-non-associated control signalings from multiple UEs are multiplexed in the frequency or/and code domains associated with multiple pilot channels. In Figure 9.1.1.2.2-2(b), the data-associated control signaling is time-multiplexed with data similar to the case in Figure 9.1.1.2.2-2(a). The data-non-associated control signaling can also be time-multiplexed with data if UE has UL data transmission. Meanwhile, the data-non-associated control signaling for UEs that transmits only the L1/L2 control, is multiplexed exclusively in a (pre-assigned) time-frequency region. The data-non-associated control signaling of different UEs is multiplexed using the frequency/time/code domain or a hybrid of them within the assigned time-frequency region. The exclusive time-frequency region can be separated into two frequency-time resources. First part is semi-statically assigned (DL-associated) and can contain data-non-associated control signaling, e.g. ACK/NACK, and the second part is dynamically assigned and can contain data-non-associated control signaling, e.g. CQI. Transmission in either part does not need user identification. The possibility for multiplexing of data-non-associated control signaling with data channel by exclusive frequency resource, i.e., frequency-multiplexing, is FFS.
The amount of overhead due to the L1 and L2 signaling and the exact mapping to the time-frequency resources needs further investigation. 
Note that Figure 9.1.1.2.2-2 (a) - (b) show localized allocation only but the multiplexing options described above are also applicable to distributed allocation.
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Figure 9.1.1.2.2-1 – Transmission principle of TDM-based multiplexing

(Note: This figure is used for illustration purposes only, and the positions of pilot, control, and data within the sub-frame do not specify the actual configuration.)

[image: image2.emf]1 sub-

frame

1 resource block

Time

Frequency

Pilot

Control for 

multiple UEs

and 

Data for UE A

Pilot

Pilot

Control for 

multiple UEs

and 

Data for UE B

Pilot

Pilot

Control for 

multiple UEs

and 

Data for UE C

Pilot

Pilot

Control for 

multiple UEs

and 

Data for UE D

Pilot

Pilot

Control for 

multiple UEs

and 

Data for UE D

Pilot

Pilot

Control for 

multiple UEs

and 

Data for UE E

Pilot

Pilot

Control for multiple UEs

and Data for UE A

Pilot


(a) Multiplexing scheme (a)
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(b) Multiplexing scheme (b)

Figure 9.1.1.2.2-2 – Multiplexing scheme for L1/L2 control signaling, data, and pilot
(Note: These figures are used for illustration purposes only, and the positions of pilot, control, and data within the sub-frame do not specify the actual configuration.) 
9.1.2.2
Scheduling

The uplink should allow for both scheduled (Node B controlled) access and contention-based access. 

In case of scheduled access the UE is dynamically allocated a certain frequency resource for a certain time (i.e. a time/frequency resource) for uplink data transmission. 

However, some time/frequency resources can be allocated for contention-based access. Within these time/frequency resources, UEs can transmit without first being scheduled. As a minimum, contention-based access should be used for random-access and for request-to-be-scheduled signaling.
In unpaired spectrum, system capacity may be improved through the use of localised FDMA contention-based access channels. The UE may select the access channel based upon knowledge of the channel state information measured on a recent downlink sub-frame. 
9.1.2.2.1 Scheduling of L1/L2 control signaling

For convenience, the uplink control channel that transmits CQI is called uplink CQICH and the uplink control channel that transmits ACK/NACK is called uplink ACKCH. 
9.1.2.2.1.1 Scheduling of CQI signaling 
Node B schedules CQI reporting and allocates uplink CQICH before the first downlink data transmission for the UE. CQI is scheduled to be reported every K TTIs. The uplink CQICH positions should be known for both Node B and UE so that UE ID does not need to be transmitted. Node B can allocate Time-Frequency Resources (TFR) explicitly to the UE at initial scheduling of CQI reporting.

The scheduling mode of downlink data transmission for the UE can be changed dynamically according to various factors such as UE mobility and etc. Different uplink CQICH types corresponding to different amounts of CQI feedback should be defined and allocated/scheduled accordingly. Uplink CQI reporting can be dynamically reconfigured during the call when the Node B switches between different scheduling modes. 

Node B (explicitly or implicitly) de-allocates the uplink CQICH for the UE after all the downlink data for the UE in the buffer at the Node B have been transmitted successfully.
9.1.2.2.1.2 Scheduling of ACK/NACK signaling 

ACK/NACK reporting in UL should be associated with DL data transmission. UE should infer the uplink ACKCH positions from some information related to associated downlink data transmission. Two similar approaches have been proposed. 

· Approach #1: ACKCH has a fixed relationship with associated downlink shared control channel that indicates resource allocation for downlink shared data channel.
· Approach # 2: ACKCH has a fixed relationship with assigned downlink data channel. 

With either approach, a pre-defined shared TFR pool can be established to transmit ACK/NACK signaling in the uplink without UE ID indication. Further investigations (in terms of reliability) are needed to determine which approach to be used.  
--------------------------------------------------- End of Text Proposal -------------------------------------------------
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