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1. Introduction
At RAN2#56, we took a view of DL control overhead as the initial discussion on DL control issues [1]. Similarly, we would like to look at first quantification of UL control in this document. 
In this document, we try to start an initial discussion on 2 related aspects;

1) To check if we have common understanding on UL control channel structure and transmission 


2) To see how many ACK/NACKs, SRs(Scheduling Request), and CQIs can be sent within x% UL control overhead
It should be noted that this contribution does not intend to provide any “final view” on these issues, but is merely trying to establish a first common view on these aspects. Future progress in both RAN1 and RAN2 will for sure result in changes to the indicated figures. 
2. Where to transmit UL data non-associated control info?
Figure1 illustrates UL data non-associated control channel in absence of UL data in 5MHz based on [2][3];
· Each end RU(Resource Unit) of 25RUs in one sub-frame is defined as UL data non-associated control channel

· Transmission hops in-between slots for frequency diversity gain

· Multiple RUs more than 2RUs for UL data non-associated control channel can be configured
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Figure1. UL data non-associated control channel in absence of UL data
Note 1: In presence of UL data transmission, UL data non-associated control information is muxed and transmitted over the assigned resource of UL data, which is not considered in this document. 
Note 2: It is assumed synchronized SR is transmitted over UL data non-associated control channel above. 
3. How to transmit UL data non-associated control info?

UL data non-associated control information is transmitted by CDM over the structure in the figure1. Each UE should be assigned “cycle shift” value of ZC(Zadoff-Chu) sequence to differentiate each UE in one sub-frame. Different 12 “cycle shift” value of ZC sequence can be supported within one RU in a sub-frame. 
ACK/NACK: 

1bit information would be simply repetited.
3 ACK/NACKs can be supported for 1 “cycle shift” ZC code in 1 sub-frame. 

CQI: 

Assuming QPSK and 2 RSs/slot for CQI, total 20 coded-bits could be transmitted in a sub-frame. 

As to the block coding for CQI in HSDPA, i.e. (20,5), we assume 5 information bits can be available in one sub-frame.

Since the exact number of bits for CQI report depends on the adopted CQI report scheme, we simply assume 5bits (same as that of HSDPA) are used for wideband CQI and 10-20bits are used for sub-band CQIs. As a result, 15-25bits would be needed for both wideband CQI and sub-band CQIs. 
1 CQI can be supported for 1 “cycle shift” ZC code in 1 sub-frame. 

Synchronized SR:

All though RAN1 has not decided SR transmission mechanism yet, the principle to separate SR from CQI has been decided at RAN1#49bis. 

In this document, we simply assume similar mechanism as ACK/NACK would be applied to SR, i.e. 3 SRs can be supported for 1 “cycle shift” ZC code. . 
Note 3: it is not decided in RAN1 how to send multiple UL control information from one UE such as ACK/NACK and CQI at the same sub-frame. 

4. How many ACK/NACK&SRs&CQIs per sub-frame?
We would like to take an example of 5MHz cell in this document. 
Total UL data non-associated control capacity: 

8% overhead: 24 “cycle shift” ZC codes in a sub-frame {12 * 2(RU)}
16% overhead: 48 “cycle shift” ZC codes in a sub-frame 
24% overhead: 72 “cycle shift” ZC codes in a sub-frame 
ACK/NACK:

It mainly depends on the number of DL control channel used for scheduling and persistent scheduled UE based on the following RAN1 decision;

· For non-persistent scheduling, ACK/NACK resource is linked to the index of the control channel used for scheduling

However, we assume the maximum number of ACK/NACKs would not exceed number of RUs, i.e. 25. Therefore we categorize 3 cases as follow;
1) 
Fulloverhead of ACK/NACKs:

All RUs need ACK/NACK (one RU is assigned per UE): 25 ACK/NACK

2) 
Medium overhead of ACK/NACKs: 

60-70% of RUs need ACK/NACK: (15-18) ACK/NACK

3) 
Lowoverhead of ACK/NACKs: 

30-40% of RUs need ACK/NACK: (8-10) ACK/NACK
SR&CQI:
With the calculation for ACK/NACK above and the following assumptions;
· CQI transmission period is either 5ms or 20ms

· Amounts of CQI report are either 5bits or 15-25bits

· SR has same efficiency as for ACK/NACK transmission, i.e. 3 SRs can be supported for 1 “cycle shift” ZC code

· SR transmission period is 10ms

Note 4: RAN1 decided Non-synchronized SR in performed by aRACH (with probably 10ms period)

Total number of UEs to be supported: 

Table 1 and table 2 shows the number of UEs, which can be supported in a sub-frame by using remaining UL control opportunities after ACK/NACKs transmissions. 
Table 1: 

· CQI transmission period is 5ms. 

· 1/5 of remaining UL control opportunites after ACK/NACKs transmissions are assigned to SR and 4/5 of them are assigned to CQI.

Table 2: 

· CQI transmission period is 20ms. 

· 1/3 of remaining UL control opportunites after ACK/NACKs transmissions are assigned to SR and 2/3 of them are assigned to CQI.

	
	Number of “cycle shift” ZC codes for ACK/NACKs
	Remaining “cycle shift” ZC codes 
	SR
	5bits CQI
	15-25bits CQI

	8% overhead: 25 ACK/NACKs
	9

{Round up (25/3)}
	15

{24 – 9}
	90

{15/5 * 3 * 10} 
	60

{15 * 4/5 *5}
	12-20

{60/5 – 60/3}

	8% overhead: 15-18 ACK/NACKs
	5-6
	18-19
	108-114
	72-76
	14.4-25.3

	8% overhead: 8-10 ACK/NACKs
	3-4
	20-21
	120-126
	80-84
	16-28

	16% overhead: 25 ACK/NACKs
	9
	39

{48 – 9}
	234
	156
	31.2-52

	16% overhead: 15-18 ACK/NACKs
	5-6
	42-43
	252-258
	168-172
	33.6-57.3

	16% overhead: 8-10 ACK/NACKs
	3-4
	44-45
	264-270
	176-180
	35.2-60

	24% overhead: 25 ACK/NACKs
	9
	63

{72 – 9}
	378
	252
	50.4-84

	24% overhead: 15-18 ACK/NACKs
	5-6
	66-67
	396-402
	264-268
	52.8-89.3

	24% overhead: 8-10 ACK/NACKs
	3-4
	68-69
	408-414
	272-276
	54.4-92


Table 1. 5ms CQI transmission period 

	
	Number of “cycle shift” ZC codes for ACK/NACKs
	Remaining “cycle shift” ZC codes 
	SR
	5bits CQI
	15-25bits CQI

	8% overhead: 25 ACK/NACKs
	9

{Round up (25/3)}
	15

{24 – 9}
	150

{15/3 * 3 * 10} 
	200

{15 * 2/3 *20}
	40-66.6

{200/5 – 200/3}

	8% overhead: 15-18 ACK/NACKs
	5-6
	18-19
	180-190
	240-253.3
	48-84.4

	8% overhead: 8-10 ACK/NACKs
	3-4
	20-21
	200-210
	266.6-280
	53.3-93.3

	16% overhead: 25 ACK/NACKs
	9
	39

{48 – 9}
	390
	520
	104-173.3

	16% overhead: 15-18 ACK/NACKs
	5-6
	42-43
	420-430
	560-573.3
	112-191.1

	16% overhead: 8-10 ACK/NACKs
	3-4
	44-45
	440-450
	586.6-600
	117.3-200

	24% overhead: 25 ACK/NACKs
	9
	63

{72 – 9}
	630
	840
	168-280

	24% overhead: 15-18 ACK/NACKs
	5-6
	66-67
	660-670
	880-893.3
	176-297.7

	24% overhead: 8-10 ACK/NACKs
	3-4
	68-69
	680-690
	906.6-920
	181.3-306.6


Table 2. 20ms CQI transmission period 

Note 5: Considering MIMO, the number of UEs to be supported in a sub-frame would be decreased if ACK/NACK & CQI transmitted per code-word.
Reaonable percentagel of UL control channel:
In calculations made for earlier contribution [4], it was assumed that it would not be uncommon to have some 235 UEs in UL synchronization in a 10MHz cell. The tables above show that when having to provide all these UEs (120 for 5MHz) with dedicated SR and CQI opportunities, between 8% and 16% of the UL resources would be required. 

Although 16% overhead of UL resources does not sound that worrying, we should consider the total UL overhead picture in this respect. In addition to the above overhead, we also have:

1) Demodulation reference transmissions: 14% (1 symbol every slot)

2) Sounding reference transmissions: 3.5% (assuming 1 symbol every 2 sub-frames)

3) aRACH: 5% (assuming 2 aRACHs every frame)

Thus, with a 16% UL control transmission overhead, the total overhead would become 38.5% which seems quite high. 
With further consideration as follow;

· Instead of the above calculation that is based on 12 codes per RU, in practice the number of usable codes might be lower, even as low as 6, which would deteriorate the situation further
· This overhead calculation does not include UL control transmission in assigned RBs

Actual UL control overheads might be even higher. Therefore in addition to DL control overhead, we should also be very careful about the size of the UL control overhead, and argue that potential alternative solutions which would improving the situation should seriously be considered.  

5. Proposal
We would welcome if RAN2 could:
1) Discuss the reasoning of this contribution and verify whether there are any errors or omissions that can be identified at this stage

2) Discuss on some “reasonable level of UL control channel overhead” and the number of UEs to be supported 
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