Page 1

3GPP TSG-RAN WG1 #62bis
R1-105555
11th – 15th October, 2010

Xi’an, China
Agenda item:
6.2.1.1
Source: 



Qualcomm Incorporated
Title: 
Further details of PUCCH format 3
Document for:
Discussion and Decision

1
Introduction

Many details of the new DFT-S OFDM PUCCH format had been decided. In this contribution we discuss the remaining aspects including the following
1. Cyclic shift allocation for DM-RS

2. Need for cyclic shift hopping for DM-RS

3. Need for OCC allocation for DM-RS

4. Mapping of resource index to DM-RS cyclic shift

5. Mapping of resource index to OCC index

6. Need of data OCC index remapping

7. Resource index to DM-RS OCC index mapping

8. Channel coding scheme
2
Discussion

2.1
DM-RS cyclic shift allocation for PUCCH Format 3
In [1], the DM-RS allocation for PUCCH format 3 is not yet defined.  We propose a simple mapping that maximizes the cyclic shift separation and propose a remapping across the slots to move closely spaced cyclic shifts in the first slot to larger cyclic shift distance. 

For the normal PUCCH format 3, the cyclic shift values are given in Table 1
Table 1  Cyclic shift values used in normal PUCCH format 3
	Resource index
	Cyclic shift

	
	First slot with
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	Second slot with 
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	0
	0
	0

	1
	3
	5

	2
	5
	10

	3
	8
	3

	4
	10
	8


For the shortened PUCCH format 3, the cyclic shift values are given in Table 2

Table 2  Cyclic shift values used in shortened PUCCH format 3
	Resource index
	Cyclic shift

	
	First slot with
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	Second slot with 
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	0
	0
	0

	1
	3
	6

	2
	5
	3

	3
	8
	9

	4
	10
	0


Note that in a slot with 
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, the cyclic shift separation between adjacent resources is 2 or 3.  In a slot with 
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, the minimum cyclic shift separation is 3. 

In shortened PUCCH format, either resource index 0 or 4 can be used but not both. By allowing either resource index to be used, we maximize the scheduler flexibility to allocate shortened PUCCH format 3 dynamically. 
We also propose to follow the same cyclic shift hopping scheme for the DM-RS as for PUCCH format 2/2a/2b. Such a cyclic shift hopping scheme mitigates the impact of inter-cell interference on PUCCH format 3 channel estimation. 
The proposed cyclic shift can be implemented as shown in the text proposal for [1] below. 

-------  START OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

5.5.2.2.1 Reference signal sequence
The PUCCH demodulation reference signal sequence 
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For PUCCH formats 2a and 2b, 
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The sequence 
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is given by Section 5.5.1 with 
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 where the expression for the cyclic shift 
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 is determined by the PUCCH format. 

For PUCCH formats 1, 1a and 1b, 
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where
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 are defined by Section 5.4.1. The number of reference symbols per slot 
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For PUCCH formats 2, 2a and 2b, 
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For PUCCH format 3, 
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Table 5.5.2.2.1-0: Mapping cyclic shift index 
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The number of reference symbols per slot 
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 are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively. 
-------  END OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

2.2
Orthogonal cover for DM-RS
The current baseline is no OCC for the DM-RS.  The justification has been that for PUCCH format 2/2a/2b, no OCC was defined.  This justification is not fully valid though because in the case of PUCCH format 2a/2b, the benefits of applying OCC would be negated by the DM-RS based ACK encoding.  A similar issue doesn’t exist for PUCCH format 3.  Therefore, we propose to define OCC for the PUCCH format 3 DM-RS in the normal CP case. 

The proposed application of OCC can be implemented as shown in the text proposal for [1] below.  Note that the text proposal build on the cyclic shift related changes given in 2.1.

-------  START OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

5.5.2.2.2 Reference signal sequence
The PUCCH demodulation reference signal sequence 
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For PUCCH formats 2a and 2b, 
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The sequence 
[image: image53.wmf])

(

)

(

,

n

r

p

v

u

a

is given by Section 5.5.1 with 
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For PUCCH formats 1, 1a and 1b, 
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For PUCCH formats 2, 2a and 2b, 
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Table 5.5.2.2.1-0: Mapping cyclic shift index 
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For PUCCH format 3, 
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The number of reference symbols per slot 
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Table 5.5.2.2.1-1: Number of PUCCH demodulation reference symbols per slot
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Table 5.5.2.2.1-2: Orthogonal sequences 
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	Sequence index 
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Table 5.5.2.2.1-3: Orthogonal sequences 
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 for PUCCH formats 2, 2a, 2b.

	Normal cyclic prefix
	Extended cyclic prefix
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Table 5.5.2.2.1-4: Orthogonal sequences 
[image: image94.wmf][

]

)

1

(

)

0

(

PUCCH

RS

)

(

)

(

-

N

w

w

p

p

L

 for PUCCH format 3.
	Sequence index 
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	Extended cyclic prefix
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-------  END OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

2.3
OCC mapping for data
The mapping of PUCCH format 3 resource index to OCC index has not been defined yet in [1].  

We propose a straightforward mapping where the resource index is mapped according to the available resources in the first slot. The drawback of this solution is that the base station needs keep track of the available resources in the shortened PUCCH format 3 subframes and manage the resources to avoid collision. 
In addition, we propose to adopt an OCC remapping between the two slots of a given subframe. This enhances performance in high Doppler scenarios. When the OCC are DFT basis functions then the adjacent OCC functions are the most susceptible to cross-user interference.  Therefore the remapping should move OCC functions that are adjacent to non-adjacent OCC functions. This can be achieved with a decimation of two of the resource indeces. 
The proposed data OCC mapping can be implemented as shown in the text proposal for [1] below.  
-------  START OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

5.4.2A
PUCCH format 3
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resulting in a block of complex-valued symbols 
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2.3
Mapping to physical resources
The mapping of PUCCH format 3 resource to PRBs has not been defined yet in [1].  

We propose a straightforward mapping identical to that in [3]. 

In addition, considering DFT-S-OFDM is not compatible with Rel-8 PUCCH format 1/1a/1b and PUCCH format 2/2a/2b, the physical RBs used for DFT-S-OFDM should be configured by higher layers. Similar to resource configuration for PUCCH in Rel-8, we can reuse the parameter: 
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Figure 1. Physical resource blocks for DFT-S-OFDM
Note that the allocation in Figure 1 is just an example, other allocations are possible. The only impact of this part of our proposal on the specification is that we should maintain that the UE uses parameter 
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 the same way as in Rel-8 for dynamic ACK resource determination. 

The other aspects of the proposed application of mapping to physical resources can be implemented as shown in the text proposal for [1] below.  
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5.4.3
Mapping to physical resources
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 and finally the slot number, starting with the first slot in the subframe. 

The physical resource blocks to be used for transmission of PUCCH in slot 
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where the variable 
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 depends on the PUCCH format. For formats 1, 1a and 1b
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for formats 2, 2a and 2b
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-------  END OF PROPOSED TEXT CHANGE  -----------------------------------------------------------------

2.3.1
Alternative mapping to physical resources
As mentioned earlier, the mapping scheme proposed in 2.3 keeps the format 3 resource to PRB mapping constant, both from the UE perspective and from the overall cell-specific format 3 utilization perspective.  As mentioned, the disadvantage of that approach was that the eNB has to implement a complex collision avoidance scheme in shortened PUCCH format 3 subframes.  

An alternative solution is to make the format 3 resource to PRB mapping variable. In this case, the eNB doesn’t have to implement a complicated collision resolution algorithm; however, it has to implement a scheme to utilize the ‘recycled’ PRBs, if and when they occur in normal PUCCH format 3 subframes.  

Another disadvantage of the alternative solution is that it requires introducing a new L3 configured parameter to indicate the format 3 start PRB.  
The alternative mapping can be implemented as shown in the text proposal for [1] below.  
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5.5.2.2.3 Reference signal sequence
The PUCCH demodulation reference signal sequence 
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Table 5.5.2.2.1-0: Mapping cyclic shift index 
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The number of reference symbols per slot 
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2.4
Data encoding
In RAN1#62, it has been agreed that the (32, O) RM code from Rel-8 is reused for PUCCH format 3 when the payload is less than or equal to 11 bits. For payload greater than 11 bits, we have the following options:

· TBCC as in Rel-8

· no additional spec efforts
· divide the payload into two halves and encode each half with the Rel-8 (32, O) RM code [4] 

· first truncate the 32 coded bits for each half payload into 24 bits
· then interleave the two set of 24 coded bits over two slots

· additional spec efforts are needed

Considering the negligible performance difference between the two encoding schemes, in an effort to reduce the spec efforts, our view is as follows:

· TBCC is used as the encoding solution for PUCCH format 3 with payload greater than 11 bits
2.5
Simulation results
2.5.1

Simulation for the encoding options for payload>11bits
Link simulation assumptions are listed in Table 3 as below:
Table 3
Simulation Assumptions for Encoding Schemes
	Parameters 
	Value 

	carrier frequency 
	2.0 GHz 

	System bandwidth 
	5 MHz 

	channel model 
	TU, 5 MHz 

	frequency hopping 
	at slot boundary 

	antenna setup 
	1Tx, 2Rx 

	RX antenna correlation 
	uncorrelated 

	channel estimation 
	practical 

	CP type 
	normal CP 

	signal bandwidth 
	180 kHz 

	RX false alarm detection threshold 
	No DTX detection 

	number of ACK bits 
	12, 16, 20 

	encoding  schemes
	TBCC vs Double (32, O) RM [4] 

	noise estimation 
	Ideal 

	number of UEs 
	1

	receiver 
	MMSE 


Link performance of the two candidate encoding schemes for different payload is compared in Figures 2~5.
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Figure 2. PUCCH format 3 with 12 A/N bits
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Figure 3. PUCCH format 3 with 12 A/N bits
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Figure 4. PUCCH format 3 with 12 A/N bits
From the illustrated performance curves, we can see that, at BER of interest, e.g. 0.1%, there is really no performance difference between different encoding schemes. Considering that TBCC is readily available and requires no additional spec efforts, our view is:
· TBCC is used as the encoding solution for PUCCH format 3 with payload greater than 11 bits
2.5.2
Simulation results for OCC for DM-RS

Link simulation assumptions are listed in Table 4 as below:

Table 4
Simulation Assumptions for OCC over DMRS
	Parameters 
	Value 

	carrier frequency 
	2.0 GHz 

	System bandwidth 
	5 MHz 

	channel model 
	TU, 5 MHz 

	frequency hopping 
	at slot boundary 

	antenna setup 
	1Tx, 2Rx 

	RX antenna correlation 
	uncorrelated 

	channel estimation 
	practical 

	CP type 
	normal CP 

	signal bandwidth 
	180 kHz 

	RX false alarm detection threshold 
	No DTX detection 

	number of ACK bits 
	10 

	noise estimation 
	Ideal 

	number of UEs 
	3: {UE0, UE1, UE2}

	DMRS configuration
	With OCC over DMRS:
    UE0: CyclicShift=0, OCC=[+1, +1]
    UE1: CyclicShift=2, OCC=[+1, -1]
    UE2: CyclicShift=4, OCC=[+1, +1]
Without OCC over DMRS:
    UE0: CyclicShift=0, OCC=[+1, +1]
    UE1: CyclicShift=2, OCC=[+1, +1]
    UE2: CyclicShift=4, OCC=[+1, +1]

	avg rx power imbalance among UEs 
	UE0: P+Delta (dBm)
UE1: P (dBm)
UE2: P+Delta (dBm)
Delta = 0, 3, 6

	receiver 
	MMSE 


In Figure 5, we have depicted the link performance of UE1 under different receive power imbalance among multiplexed UEs.
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Figure 5. OCC over DM-RS for Interference Suppression
From the decoding performance shown in the above figure, the adoption of OCC for DM-RS on top of cyclic shift separation clearly provides better orthogonality among different UEs, which leads to much better decoding performance for PUCCH format 3 in case of large receive power imbalance, e.g. 6dB.
3
Conclusions

This contribution discusses the remaining details of PUCCH format 3 definitions. 
We proposed implementations for the following: 

· Cyclic shift allocation for DM-RS

i. Maximize distance between closest cyclic shifts

· Cyclic shift hopping for DM-RS

i. Apply the same cyclic shift hopping as for Format 2/2a/2b

· OCC allocation for DM-RS

i. Apply DM-RS OCC to improve interference suppression in large power imbalance cases
· Mapping of resource index to DM-RS cyclic shift

i. The proposed solution maintains the resource index to PRB mapping across normal and shortened PUCCH format 3
· Mapping of resource index to data OCC index and PRB index
i. The proposed solution maintains the resource index to data OCC index and PRB mapping across normal and shortened PUCCH format 3

· Location of PUCCH format 3

i. Layer 3 configured, before the mixed PRB supporting mixed format 1/1a/1b and 2/2a/2b, if exists

· Data OCC index remapping

i. Apply OCC remapping across slots to improve interference suppression in large power imbalance cases in high Doppler scenarios
· Channel coding scheme for larger than 11 bit payload
i. We propose to use TBCC
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