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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 the following aspects: 
 1) To check if we have common understanding on UL control channel structure and transmission
 2) To see how many ACK/NACK(s), SRs and CQIs can be sent within x% UL control overhead
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];
· Each end RB(Resource Block) of 25RBs in one sub-frame is defined as UL data non-associated control channel
· Transmission hops in-between slots for frequency diversity gain
· Multiple RBs more than 2RBs 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
Note1: 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. 
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 CSS (Cyclic Shift value of the base Sequence) to differentiate each UE in a sub-frame. In principle, 12 CSSs can be supported within a RB in a sub-frame. 
ACK/NACK: 
1 bit information would be simply repetited.
Thanks to staggered structure of block-wise spreading with the orthogonal sequence for DM RS (De-Modulation Reference Signal), 1 or 2 ACK/NACK(s) can be supported per CSS in a sub-frame. In total, by using 12 CSSs, 18 ACK/NACK(s) can be supported in a sub-frame (1*6 + 2*6). 
CQI: 
With QPSK and 2 DM RSs/slot, (20,4) block coding would be used, i.e. 4 information bits are available in a sub-frame. 
Although the exact number of bits for CQI depends on the adopted CQI reporting scheme, we simply assume 4 bits (similar to that of HSDPA) are used for wideband CQI and 8-16 bits are used for sub-band CQIs. As a result, 12-20 bits would be needed for both wideband CQI and sub-band CQIs. 
Only 1 CQI can be supported per CSS in a sub-frame. In total, by using 6 CSSs, 6 CQIs can be supported in a sub-frame. 
Note2: in this document, it is assumed 6 CSSs (half) would be used in practical. 
SR:
1 bit information would be simply repeated. 
Thanks to no DM RS and combination of 2 block-wise spreading with the orthogonal sequence, i.e. block-wise spreading with w0 and w1, maximum 12 SRs can be supported per CSS in a sub-frame. In total, by using 6 CSSs, 72 SRs can be supported in a sub-frame. 
Note3: in this document, it is assumed 6 CSSs (half) would be used in pratical. 
Note4: it is not decided yet whether all or only parts of 12 combination of w0 and w1 would be specified or not. In this document, it is assumed 12 combinations of w0 and w1 would be supported. 
4. How many ACKs/NACKs&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:   2 RBs for PUCCH
16% overhead:  4 RBs for PUCCH
24% overhead:  6 RBs for PUCCH
ACK/NACK:
Number of ACK/NACK(s) would be mainly depends on the number of DL control channel used for dynamic scheduling and the number of persistent scheduled UE. 

In the document, we assume the maximum number of ACK/NACK(s) would not exceed the maximum number of RBs for data transmission. Maximum number of RBs for data transmission would be “total number of RBs”. 
We categorize 3 scenarios in the point of ACK/NACK(s) overhead: 

1) 
Fulloverhead of ACK/NACK(s):
All RBs for DL data transmission need ACK/NACK (one RB is assigned per UE)
2) 
Medium overhead of ACK/NACK(s): 
60-70% of RBs for data transmission need ACK/NACK
3) 
Low overhead of ACK/NACK(s): 
30-40% of RBs for data transmission need ACK/NACK
SR&CQI:
With the calculation for ACK/NACK(s) above and the following assumptions;
· CQI transmission period is either 5ms or 20ms
· Amounts of CQI report are either 4bits or 12-20bits
· SR transmission period is 10ms
Note 5: RAN1 decided non-synchronized SR in performed by aRACH (with probably 10ms period). We assume synchronized SR would have similar transmission period as that of non-synchronized SR. 
Total number of UEs to be supported: 
Table 1 and table 2 shows the number of UEs, which can be supported by using remaining UL control opportunities after ACK/NACK(s) transmissions. 
Table 1: 
· CQI transmission period is 5ms. 
· 1/25 of remaining UL control opportunites after ACK/NACK(s) transmissions are assigned to SR and 24/25 of them are assigned to CQI to support similar number of ACK/NACK(s) and CQIs.
Table 2: 
· CQI transmission period is 20ms. 
· 1/7 of remaining UL control opportunites after ACK/NACK(s) transmissions are assigned to SR and 6/7 of them are assigned to CQI to support similar number of ACK/NACK(s) and CQIs.
	
	Number of CSSs for ACK/NACK(s)
	Number of remaining  CSSs
	SR
	4bits CQI
	12-20bits CQI

	8% overhead: 25 ACK/NACK(s)
	17

{12 CSSs in 1 RB + 5 CSSs in another RB}
	3
{7 total remaining CSSs / 2} 
	14

{3 * 1/25 * 12 (SRs per CSS) * 10 (SR period)} 
	14

{3 * 24/25 * 5 (CQI period)}
	3-5

{14/5 – 14/3}

	8% overhead: 15-18 ACK/NACK(s)
	10-12
	6-7
	29-34
	29-34
	6-11

	8% overhead: 8-10 ACK/NACK(s)
	6-7
	8-9
	38-43
	38-43
	8-14

	16% overhead: 25 ACK/NACK(s)
	17
	15
	72
	72
	14-24

	16% overhead: 15-18 ACK/NACK(s)
	10-12
	18-19
	86-91
	86-91
	17-30

	16% overhead: 8-10 ACK/NACK(s)
	6-7
	20-21
	96-101
	96-101
	19-34

	24% overhead: 25 ACK/NACK(s)
	17
	27
	130
	130
	26-43

	24% overhead: 15-18 ACK/NACK(s)
	10-12
	30-31
	144-149
	144-149
	29-50

	24% overhead: 8-10 ACK/NACK(s)
	6-7
	32-33
	154-158
	154-158
	31-53


Table 1. 5ms CQI transmission period 
	
	Number of CSSs for ACK/NACK(s)
	Number of remaining  CSSs
	SR
	5bits CQI
	15-25bits CQI

	8% overhead: 25 ACK/NACK(s)
	17

{12 CSSs in 1 RB + 5 CSSs in another RB}
	3
{7 total remaining CSSs / 2} 
	51

{3 * 1/7 * 12 (SRs per CSS) * 10 (SR period)} 
	51
{3 * 6/7 * 20 (CQI period)}
	10-17

{51/5 – 51/3}

	8% overhead: 15-18 ACK/NACK(s)
	10-12
	6-7
	103-120
	103-120
	21-40

	8% overhead: 8-10 ACK/NACK(s)
	6-7
	8-9
	137-154
	137-154
	27-51

	16% overhead: 25 ACK/NACK(s)
	17
	15
	257
	257
	51-86

	16% overhead: 15-18 ACK/NACK(s)
	10-12
	18-19
	309-326
	309-326
	62-109

	16% overhead: 8-10 ACK/NACK(s)
	6-7
	20-21
	343-360
	343-360
	69-120

	24% overhead: 25 ACK/NACK(s)
	17
	27
	463
	463
	93-154

	24% overhead: 15-18 ACK/NACK(s)
	10-12
	30-31
	514-531
	514-531
	103-177

	24% overhead: 8-10 ACK/NACK(s)
	6-7
	32-33
	549-566
	549-566
	110-189


Table 2. 20ms CQI transmission period 
Note 6: 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 [3], 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 UEs for 5MHz) with dedicated SR and CQI opportunities, even upto 24% of the UL resources would be required. 

In addition to the overhead of UL resources above, we should consider the total UL overhead picture including: 

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)
Then, the total UL overhead could become upto 46.5%, which seems quite high. 
As seen in tables above, UL control overhead would be also dependent on PUCCH configuration, e.g. CQI transmission period, etc. If CQI transmission period is set as 20ms, total UL overhead would be reasonable, i.e. 32.5% (8% PUCCH + 14% DM RS + 3.5% SRS + 5% aRACH).
To be concluded, through this document, we see that we should be careful about the size of UL control overhead and also, we should be careful on PUCCH configuration. 
5. Proposal
We would welcome if RAN2 could:
1) Discuss the reasoning of this contribution and verify UL control overheads at this stage. 
2) Discuss some “reasonable level of UL control channel overhead” and the number of UEs to be supported. 
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