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1. Introduction and Background
Out of band emissions for LTE uplink transmission can be problematic – i.e. it can be difficult to meet spurious emission targets for UL/DL co-existence [1]

 REF _Ref209864392 \r \h 
[2] for certain EUTRA bands with low guard bands such as bands where FDD and TDD LTE deployments are adjacent or where LTE carriers are adjacent to, or have RF interaction (via e.g. 2nd or 3rd order image generation) with, other technologies (such as GPS).
Figure 1 shows some practical UL/DL deployment scenarios where the anticipated guard band falls significantly short of the UE RF pass-band of the UL duplex filter (shown in red).  In order not to devalue the spectrum allocation in Bands 1, 7, 8 13, 33 and 38 and to allow usage of wider channel bandwidths, techniques to meet a reasonable co-emission target (e.g. -50dBm/100kHz) are needed for initial deployment for LTE.

[image: image1]Figure 1 – UL/DL scenario for existing LTE operating bands.
The Figure 1 example of UL/DL co-existence for FDD and TDD deployments in 2.5 GHz Band 7 and 38 is shown in alternative form in Figure 2. It can be seen that the aggressor UE can be an FDD or TDD UE.
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Figure 2 – UL/DL scenario for LTE FDD and TDD Band 7 and 38 operating bands.
Each physical uplink control channel (PUCCH) consists of a single physical resource block (PRB) pair comprising on PRB per slot located near each band edge. The ACK/NACK, SR, and CQI transmissions on PUCCH use up to +23dBm power levels (for Class 3 UE’s) which can contribute relatively narrow band spurious emissions (due to 3rd order IM of IQ imbalance, LO feed-through) that impact adjacent carriers with guard bands less than the larger carrier bandwidth. Such configurations are unlikely to meet the spurious emission target for UL/DL co-existence.  
PUCCH PRB’s can however be effectively relocated using so-called PUCCH “over-provisioning” but this is accompanied by a) a PUSCH peak rate loss and b) a PUCCH frequency diversity loss.  Another approach – which is in effect an essential evolution of the over-provisioned approach designed to preserve critical functionality including maximal peak rate and frequency diversity performance – would be to allow asymmetric PUCCH location shifts in order to minimize PUSCH resource fragmentation.
2. Symmetrical PUCCH PRB location shift through over-provisioning
Functional description: in this approach, the number of PRBs allocated for PUCCH is over-provisioned (i.e. 
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or nRB-CQI is larger than nominally required) and then only the PUCCH PRBs farthest from each band edge (i.e., offset from either band-edge) are actually assigned for ACK/NACK, SR, and CQI/PMI/RI transmissions. Thus it appears as if the active PUCCH locations have been shifted away from the band edge by the same (symmetrical) frequency offset on each edge.  Unfortunately, the resulting over-provisioning on both the lower band-edge and upper band-edge results in PUSCH peak rate loss which can be quite large especially when over-provisioning is not needed on one of the band edges.  Also, due to the unnecessary symmetric PUCCH relocation, the PUCCH frequency diversity is reduced.
Specification impact: in order to implement this approach, over-dimensioning of the sizes of cell-specific 
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and UE-specific 
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CQI pucch-Resource index is needed. Some text clarifications (CRs) may be required to completely specify this approach – e.g. that PUSCH allocations can be made using the non-active PUCCH PRBs (see ANNEX B).
3. Asymmetrical PUCCH PRB location shift
Functional description: instead of using over-provisioning, the allocated PUCCH PRB pairs can be asymmetrically shifted from the band edges with a pair of appropriate and possibly non-identical frequency offsets (see Figure 1).  This approach does not require over-dimensioning of the size of 
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. Depending on the deployment scenario, the PRB offsets can be optimized to minimize the impact on PUSCH peak rate with improved PUCCH frequency diversity while addressing co-existence impacts.

Specification impact: the change required to the PUCCH location equation given in [1] is given in ANNEX A.  The corresponding proposed draft CR for this approach is also given as a separate document included with this contribution.
4. Impact on PUSCH peak rate 

For the Band 13 case with 2 MHz guard band and 10 MHz channel bandwidth, an offset of ~ 14 RBs from the lower band-edge is needed to meet a -50dBm/100kHz emission target at 2MHz offset. The achievable PUSCH peak rates for the over-provisioned and the asymmetrical offset case is shown in Table 1. It can be seen that the asymmetrical offset case provides a ~60% increase in PUSCH peak rates.
Table 1 - PUSCH Peak rates for Band 13
	Modulation
	Over-provisioned PUCCH
(22 PRB pairs)
	Asymmetrical PUCCH
(36 PRB pairs)
	% Increase 

	16-QAM, CR~1
	12.576 Mbps
	20.616 Mbps
	64%

	64-QAM, Max TBS
	16.416 Mbps
	26.416 Mbps
	60%


5. Conclusion
This contribution proposes to allow asymmetric PUCCH PRB pair locations to address adjacent channel emission problems when there is insufficient guard band between an LTE carrier and another victim carrier. When PUCCH PRB pairs are shifted in frequency (explicitly or effectively) to solve the emission problem, an asymmetric PUCCH PRB pair allocation approach is preferred over the symmetric PUCCH PRB pair allocation approach because the former maximizes PUSCH peak data rate and maximizes PUCCH frequency diversity compared to the latter.   Associated CRs to support the asymmetric approach are included with this contribution and given in ANNEX A.
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Figure 3 – Shifted PUCCH PRB Locations with offsets 
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ANNEX A – Asymmetrical Offset CR 36.211 Section 5.4.3
-------------------------------------------------- Start draft CR for TS36.211 --------------------------------------------
5.4.3
Mapping to physical resources

The block of complex-valued symbols 
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 shall be multiplied with the amplitude scaling factor 
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 and mapped in sequence starting with 
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 to resource elements. PUCCH uses one resource block in each of the two slots in a subframe. Within the physical resource block used for transmission, the mapping of 
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 to resource elements 
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 not used for transmission of reference signals shall be in increasing order of first 
[image: image16.wmf]k

, then 
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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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 is given by
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where the variable 
[image: image21.wmf]m

 depends on the PUCCH format and the parameters pucch-frequency-Offset0 
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 expressed in number of physical resource blocks are configured by higher layers. For formats 1, 1a and 1b


[image: image24.wmf]î

í

ì

=

ï

ï

î

ï

ï

í

ì

ú

ú

ú

ù

ê

ê

ê

é

+

+

ú

ú

û

ú

ê

ê

ë

ê

D

×

D

×

-

D

×

<

=

prefix

 

cyclic

 

extended

2

prefix

 

cyclic

 

normal

3

otherwise

8

 

if

(1)

cs

(2)

RB

PUCCH

shift

RB

sc

PUCCH

shift

(1)

cs

(1)

PUCCH

PUCCH

shift

(1)

cs

(1)

PUCCH

(2)

RB

c

N

N

N

c

N

c

n

N

c

n

N

m


and for formats 2, 2a and 2b
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Mapping of modulation symbols for the physical uplink control channel is illustrated in Figure 5.4.3-1. 

……
-------------------------------------------------- End draft CR for TS36.211 ---------------------------------------------

ANNEX B – Over-provisioned PUCCH CR 36.211 Section 5.4.3

-------------------------------------------------- Start draft CR for TS36.211 --------------------------------------------

5.4
Physical uplink control channel

…….

The physical resources used for PUCCH depends on two parameters, 
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, given by higher layers. The variable 
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 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats 2/2a/2b transmission in each slot. The variable 
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 denotes the number of cyclic shift used for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of 
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 within the range of {0, 1, …, 8}, where 
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 is defined in section 5.4.1. No mixed resource block is present if 
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. At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b. Resources used for transmission of PUCCH format 1/1a/1b and 2/2a/2b are represented by the non-negative indices 
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-------------------------------------------------- End draft CR for TS36.211 ---------------------------------------------
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