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1. Overall description

In last two meetings, control channel transmission structures in uplink, i.e. PUCCH carrying ACK/NACK and/or CQI were agreed. According to the decision, both structures are supposed to be based on the CAZAC based multiplexing structure. But, there is still one aspect to be resolved, which is how to multiplex PUCCH and S-RS (Sounding RS). This aspect has been identified by several companies including ourselves, but has not been treated properly due to lack of time.

In this contribution, the problems that could be occurred in case of PUCCH and S-RS simultaneous transmission are identified and several remedies for the identified problem will be provided. 
2. Simultaneous transmission of PUCCH and Sounding RS

ACK/NACK is transmitted in shared edge resource in case of no uplink data transmission, with CAZAC spreading over frequency and additional orthogonal spreading (e.g. Hadamard) over time. 
According to the ACK/NACK decision, in order for eNB to distinguish a certain UE’s ACK/NACK feedback channel from ACK/NACKs from the other UEs, all the ACK/NACK channels that belong to each RB should be spread with identical SF in time domain (e.g. SF3 or SF4 in a slot). 
ACK/NACK structure with 3 DM RS (reference signal) and 1 RB allocation in case of no uplink data transmission, ACK/NACK information will be spread into 12 subcarriers in frequency domain and spanned in time domain over 8 SC-FDMA symbols in one subframe if there is no S-RS transmission during that subframe. 
However, as shown in figure 1, when UE4 is going to transmit S-RS in uplink during one SC-FDMA symbol in the first slot, ACK/NACK bit from UE4 couldn’t be transmitted over the edge REs of that SC-FDMA symbol (‘Red RE’) in order to preserve the Single-Carrier FDMA property. Resultantly, UE4 can’t transmit ACK/NACK in that subframe or UE4 should transmit ACK/NACK over only 3 SC-FMDA symbols in the 1st slot. This is a kind of scheduling restriction. On the contrary, if UE4 transmits ACK/NACK over 4 SC-FDMA symbols, the other UEs including UE4 can’t transmit S-RS in that subframe due to Single Carrier property from same UE and Orthogonality between S-RS and PUCCH.
As one solution to resolve this problem simply, once UE4’s ACK/NACK starts to be transmitted over 3 SC-FMDA symbols, ACK/NACKs from the other UEs should be also transmitted over those 3 symbols in order for eNB to distinguish one ACK/NACK from all UEs’ ACK/NACKs, i.e. to keep orthogonality among ACK/NACK channels especially in time domain 
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Figure 1: Problems in case of ACK/NACK and S-RS simultaneous transmission
3. Possible options in case of S-RS and ACK/NACK multiplexing
In order to tackle the above-mentioned problems, several remedies could be taken into account, which will be discussed in this section.

3.1 Scheduling both ACK/NACK and S-RS by eNB (Option 1)
eNB scheduler might utilize the complicated scheduling in order to avoid the case where certain UE simultaneously transmit PUCCH and S-RS during the same subframe, but it will lead to severe restriction of eNB scheduling for A/N and S-RS. Note that for this option to be viable, S-RS should occupy only the bandwidth excluding the PUCCH RBs. Basically we assumed that all the UEs don’t know the other UEs’ S-RS transmission timing. This option can be operated in the same way irrespective of whether UE knows the S-RS transmission timing from the other UEs or not.
When S-RS is to be transmitted from UE4 during certain subframe, eNB scheduler prevents UE4 from transmitting its ACK/NACK in the subframe, which means eNB scheduler should rule out UE4 in the course of PDSCH scheduling according to its S-RS transmission timing. Instead, eNB allows the other UEs except for UE4 to transmit their ACK/NACKs in that subframe (SF4 in 1st slot + SF4 in 2nd slot) if they have ACK/NACK to be transmitted. This is a kind of scheduling restriction. On the contrary, if eNB doesn’t want to restrict the downlink PDSCH scheduling opportunity for that UE, S-RS transmission should be prevented in the same subframe. Anyway, UE can never transmit its PUCCH and S-RS at the same time in one subframe. This may cause severe scheduling restriction in eNB scheduler. 
In addition, as RB size allocated for ACK/NACK multiplexing varies in accordance with the number of UEs, total BW of S-RS should change accordingly so that it is inversely proportional to RB size of ACK/ANCK. The implication is that the multiplexing rule of S-RS should be modified in accordance with the RB size allocated for ACK/NACKs. 
Consequently, this option imposes too much restriction on eNB scheduler and has impact on S-RS multiplexing design.
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Figure 2: eNB scheduling solutions
3.2 Operating with two types of PUCCH subframe structures (Option 2)
One can define two types of PUCCH subframe structures depending on whether S-RS transmission exists or not at the same subframe (Type 1 has SF4 in the first slot and SF4 in the second slot for A/N information, Type2 has SF3 in the first slot and SF4 in the second slot for A/N information).
· Type 1 (SF4+SF4) in figure 3 is a normal PUCCH subframe structure, which is designed to be used for ACK/NACK when S-RS transmission is not necessarily taken into account. In order for type 1 format to be used for ACK/NACK transmission during certain subframe, there should not be any single UE who are to transmit Sounding RS.
· Type 2 (SF3+SF4) in figure 4 is additional PUCCH subframe structure, which is designed specially to take the existence of S-RS into account so that SF of 3 is utilized in the first slot and SF of 4 in the second half slot.

If UEs didn’t know information about the S-RS transmission timing of other UEs in the cell, additional downlink signaling (for type selection) is required to indicate UEs which PUCCH type to use. This is the case when eNB doesn’t distribute/broadcast any system information about S-RS transmission timing to all the UEs in the cell. However, it might not be easy to find out appropriate place over which this indication signal can be conveyed. 

Different from the former case, if all the UEs in the cell have the knowledge on S-RS transmission timing, not only for themselves but also for the other UEs in the cell via downlink information such as broadcasting information, no downlink signaling is required to indicate the PUCCH format to be used since UE can autonomously select PUCCH format based on the knowledge of S-RS transmission timing.


[image: image3]
Figure 3: Type 1 of PUCCH structure (SF4 in 1st slot, SF4 in 2nd slot)
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Figure 4: Type 2 of PUCCH structure (SF3 in 1st slot, SF4 in 2nd slot)
3.3 Operating with only one type of PUCCH subframe structure (Option 3)
This option uses only one type of PUCCH structure as shown in figure 5, regardless whether there is S-RS transmission or not. This option basically is a simplified version of the second option. Unlike option 2, one SC-FDMA symbol is always reserved for S-RS transmission so that the whole symbol cannot be utilized by PUCCH. Therefore, UE can always transmit A/N and/or S-RS into the same subframe without any scheduling such as in the TDM manner. 

[image: image5]
Figure 5: One PUCCH subframe structure (SF3 in 1st slot, SF4 in 2nd slot)
It should be noted that this option may not be viable at all if one can assume that all the UEs in the cell have the knowledge on S-RS transmission timing, not only for themselves but also for the other UEs in the cell. In this case, option 2 seems to be better fit in terms of simplicity as well as the resource utilization. 

However, if it is not the case, this option can be considered as one viable candidate since no additional downlink signaling is required for format indication. This method is very simple but the amount of wasted resource should be investigated. If the wasted resources are negligible, this option is also quite attractive. 

Even though the number of reserved ACK/NACK resource block is changed due to the variation in the number of UEs, bandwidth of S-RS doesn’t need to be changed because S-RS may be transmitted over whole system bandwidth every time if it is beneficial to do so for the purpose of measurement in the course of UL timing adjustment and UL power control. 
When it comes to the simplicity, this can be seen as the best option since it doesn’t require any downlink signaling to indicate the subframe structure to be used. 
However, the waste of resource induced by fixing the subframe structure would be investigated further (This is the case only when no UEs transmits S-RS in that subframe, but it seldom occurs). This wasted resource will be reduced if Type 1 of the second option is seldom selected and used.
4. Possible options in case of S-RS and CQI multiplexing

In order to multiplex CQI with S-RS, one CQI symbol is used for S-RS transmission, i.e. puncturing one symbol from 5 CQI information symbols in even or odd slot. Then the CQI information bits will be reduced from 20 bits (10 symbols, QPSK) to 18 bits (9 symbols, QPSK). This structure was reflected on the proposed PUCCH slot formats in next chapter.
5. Proposed Text for PUCCH

Here, we proposed additional CQI slot format (Table 5.4-1) and ACK/NACK orthogonal sequences for covering ACK/NACK information part (Table 5.4.2.1-2), considering reduced number of symbols due to Sounding RS transmission.

====================== 3GPP TS 36.211 V1.2.1 =========================

5.4
Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. The PUCCH is never transmitted simultaneously with the PUSCH.

The physical uplink control channel supports multiple formats as shown in Table 5.4-1.

Table 5.4-1: Supported PUCCH formats.

	PUCCH format
	Modulation scheme
	Number of bits per subframe, 
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	Normal cyclic prefix
	Extended cyclic prefix

	0
	BPSK
	1
	1

	1
	QPSK
	2
	2

	2
	QPSK
	20
	20

	*2a
	QPSK
	18
	18


*Note: When Sound RS is transmitted in uplink, the PUCCH format 2a will be used. 

5.4.1
Scrambling

If scrambling is configured, the block of bits 
[image: image7.wmf])

1

(

),...,

0

(

bit

-

M

b

b

, where 
[image: image8.wmf]bit

M

 is the number of bits transmitted on the physical uplink control channel in one subframe, shall be scrambled  with a UE-specific scrambling sequence prior to modulation, resulting in a block of scrambled bits 
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5.4.2
Modulation

The block of scrambled bits
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 shall be modulated as described in Section 7, resulting in a block of complex-valued symbols 
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. The modulation scheme for the different PUCCH formats is given by Table 5.4-1. For BPSK, 
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5.4.2.1
Sequence modulation for PUCCH format 0 and 1

For PUCCH format 0 and 1, the complex-valued symbol 
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 CAZAC sequence, resulting in a block of complex-valued symbols
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The block of complex-valued symbols 
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 shall be block-wise spread with the orthogonal sequence 
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The sequence 
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Table 5.4.2.1-1: Orthogonal sequences 
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 for PUCCH format 0 and 1
(
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	Frame structure type 1
	Frame structure type 2

	Channelization code index
	Normal cyclic prefix
	Extended cyclic prefix
	Normal cyclic prefix
	Extended cyclic prefix

	0
	
	
	
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


Table 5.4.2.1-2: Orthogonal sequences 
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 for PUCCH format 0 and 1
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	Frame structure type 1
	Frame structure type 2

	Channelization code index
	Normal cyclic prefix
	Extended cyclic prefix
	Normal cyclic prefix
	Extended cyclic prefix
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=========================== (end here) ==============================

6. Conclusion

As described before, three different options have been proposed and explained as solutions for the problem together with some descriptions on the pros and cons of each option. It is suggested that additional consideration such as additional PUCCH slot format, orthogonal sequences with SF3 for ACK/NACK information part considering S-RS transmission is reflected on the current TS36.211.
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