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Discussion and Decision
1 Introduction
According to TR36.814 [1], the frequency non-contiguous uplink transmission is supported through the following combinations on LTE-Advanced:
1.
Non-contiguous frequency allocation within a CC (Clustered DFT-S-OFDM)
2.
Uplink carrier aggregation

3.
Simultaneous PUSCH and PUCCH transmission

Additionally simultaneous PUCCH transmission from multiple PRBs is FFS for LTE-Advanced.  RAN4 has shown that required maximum power reduction with frequency non-contiguous transmission is much higher than that predicted  by cubic metric (CM) because the CM does not take into account the spectral location of the non-linear distortion generated [2].  In this contribution we discuss the advantages and disadvantages regarding each type of multicarrier transmission and provide answers and comments related to the questions raised in R4-101082: “LS on simultaneous PUSCH and PUCCH and clustered SC-FDMA [2]:
Q1: RAN1 has shown that clustered DFT-SOFDM transmission on PUSCH could increase the uplink spectral efficiency. Has the impact of UE power back-off been accounted for in the assessment of the resulting UL spectral efficiency? Certain clustered DFT-SOFDM transmissions across contiguous or non-contiguous CC or within a CC will not meet core radio requirements without a reduction of the maximum transmit power. The required maximum power back-off is in the range 4-6 dB when two RBs are allocated at two ends of the transmission bandwidth. Other RB allocations require much smaller backoff. The backoff could be up to 10 dB  in some cases. What is the impact of such a power back-off on the aggregate uplink signal per CC and for aggregated CC(s), respectively?

RAN4 would like to point out that an important limitation of using e.g. CM as a figure of merit is that it does not predict the spectral location of the non-linear distortion generated. The compliance with the spectrum mask and the spurious emission requirements is subject to the precise location of inter-modulation products.

Q2: Question 2:

For control-data decoupling, certain simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions across contiguous or non-contiguous CC or within a CC will not meet regulatory requirements without a reduction of the maximum transmit power. The required power back-off is in the range 4-6 dB when equal power PUSCH and PUCCH allocated at two ends of the transmission bandwidth. Larger PUSCH allocation and PSD leads to much smaller backoff. The backoff could be up to 10 dB in some cases. A restriction of the RB location may also be needed. What would be impact of such limitations on the uplink control signalling for carrier aggregation or for enhanced feedback mechanisms? 

RAN4 would also like to point out that for some deployment scenarios simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions in non-adjacent RBs may not be feasible or possible so RAN4 kindly asks RAN1 to specify a fallback mechanism to Rel-8 and Rel-9
2
Clustered DFT-S-OFDM
This section shows the performance of clustered DFT-S-OFDM assuming realistic back-off for clustered allocation. Figure 1 shows the capacity/coverage gain of clustered RB-allocation compared with localized resource block allocation (Rel-8).  The simulation is done in 3GPP CASE 1 –environment. The minimum cluster size equals to 2 PRBs and maximum number of clusters is limited to 2.  Assumptions have been listed in the Appendix.  Two different output back-off values are considered:

(a)
Output back-off is based on CM

(b)
Additional 4 dB Output back-off  is added on the top of CM
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Figure 1 The gain of clustered PUSCH allocation over Release 8

As can be seen,  even with increased back-off,  the clustered allocation gives still significant gain over localized allocation for both average and cell-edge throughput.  This is because of the fact that scheduler allows dynamic fallback to localized allocation in the case of power limitation.
Proposal: Clustered resource allocation on PUSCH is supported in LTE Rel-10.
3 Simultaneous PUSCH and PUCCH transmission

This section discusses the advantages and disadvantages regarding the concurrent PUSCH and PUCCH transmission.  There are two different cases which need special consideration:

1.
Concurrent transmission of PUCCH and PUSCH within one CC.
2.
Concurrent transmission of PUCCH and PUSCH with multiple CCs
PUCCH+PUSCH within one CC:

This topic was studied already during the SI phase of LTE Rel’8. It was pointed out e.g. in [6], that Rel’8 approach in which the control and data multiplexing is made by means of TDM, provides many benefits compared to multicarrier approach (i.e., concurrent transmission of PUCCH and PUSCH).:

· Improved UL coverage: PUSCH have lower interference power density than PUCCH.  Hence, 3 dB higher interference over thermal noise can be assumed in LTE-A link budget [10].   PUCCH coverage depends heavily on the PUCCH load [7]. 
· Better radio link performance: Frequency diversity is maximized in TDM approach when PUSCH bandwidth is wide enough or frequency domain scheduling gain is  available with lower PUSCH allocations

· Lower reference signal overhead: PUSCH+PUCCH  approach requires additional reference signal overhead.
· Better payload sizes for UCI: Rel’8 PUCCH can only support relatively small CQI sizes (up to 13 bits). Therefore, larger control payloads need to be transmitted via PUSCH in any case
Furthermore, in the coverage limited case, PUSCH has typically only few or a single PRB allocated which corresponds to the worst case scenario from coverage point of view with required back-off up to 6 dB. This requirement is because of the fact that the power levels of PUSCH and PUCCH are close to each other [2].  The additional 6 dB power reduction corresponds to about 50% reduction in the coverage area, which is not acceptable in macro cell deployments.
One potential benefit of concurrent PUCCH and PUSCH is higher data payload on the PUSCH because UCI does not puncture the PUSCH data (UCI is transmitted on the PUCCH).  However, this is not a true improvement because more power resources need to be allocated for conveying UCI on the PUCCH due to above mentioned facts and especially due to higher interference power density.  Furthermore, it can be expected that interference power density of PUCCH is even higher if simultaneous PUCCH and PUSCH transmission becomes widely used  in LTE-Advanced.
The second benefit mentioned [4] for concurrent PUCCH and PUSCH is that multiplexing between UCI and PUSCH data is simpler with SU-MIMO because the PUCCH transmission can be made independent on the transmission rank and precoding for PUSCH data. We do not see this as merit because the TDM multiplexing should be supported in any cases in order to get benefits from single carrier transmission.  Otherwise, for example, the gain having cubic metric preserving codebooks comes meaningless. Hence the inclusion of the option to support concurrent transmission of PUCCH ans PUSCH does not in fact simplify the specification or implementation of LTE in Rel-10, but in contrast makes it significantly more complicated without providing any clear benefits.

Furthermore, it is shown in [11]  that only small modifications will be needed on top of Rel-8 principles in order to have support for TDM multiplexing in the case of SU-MIMO.
Conclusion: 
· Concurrent transmission of PUCCH and PUSCH within one CC does not have not any obvious benefits over UCI transmission on PUSCH.

· Considering 6 dB  additional back-off required in the coverage area of interest concurrent transmission of PUCCH and PUSCH is not  a feasible solution in macro cell deployments
PUCCH+PUSCH with multiple CC
Again, from UL coverage point of view, single carrier transmission should be the target whenever possible. Single-carrier transmission can always be achieved using the following rule: 
· Whenever possible transmit UL control signals using the CC containing the PUSCH.

· If there are multiple CCs containing PUSCH, transmit control signals via UE-specific UE CC carrying PUCCH

Figure 2a-2b show the principle of the operation which avoids concurrent transmission of PUCCH and PUSCH (2c-2d) in the case of CC aggregation.
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Figure 2. Avoiding simultaneous transmission of PUCCH and PUSCH, “”2xPDSCH + 1xPUSCH”.
Conclusion: Concurrent transmission of PUCCH and PUSCH with multiple CC’s can always be avoided

Proposal: Concurrent transmission PUCCH and PUSCH is not supported in LTE-Advanced

4 Simultaneous transmission of multiple PUCCH channels (N * PUCCH)
Currently simultaneous PUCCH transmission from multiple PRBs is FFS for LTE-Advanced. 
It was shown in [8] that the single-carrier methods like PUCCH format 1b channel selection, PUCCH format 2 or  PUCCH format 1b with SF reduction give significantly better link performance than NxPUCCH due to lower CM, joint coding gain and smaller reference signal overhead and lower channel estimation loss.  Furthermore, because NxPUCCH represents the worst case back-off due to clusters location close to both edges of band [2], we can conclude that (NxPUCCH) is not a feasible scheme to be used in LTE-Advanced.    
Figure 3 shown the link budget comparison between NxPUCCH and single-carrier based PUCCH channel selection in urban macro-cell deployment scenario.   This example assumes fully DL HARQ feedback without spatial multiplexing from two CC’s corresponds 3 jointly coded bits (including DTX’s) or 2 parallel PUCCH format 1 a channels.   Note that both single-carrier and NxPUCCH based techniques reserving two PUCCH Format 1a/b channels. The link level results used as input are provided in APPENDIX.  The coverage area calculation is based on ling budget template given in [10] and the various OBO values are taken from [2].    Note that 2xPUCCH with 1 dB OBO corresponds to case when PUCCH channels are transmitted within one PRB. The criterions are 1% for ACK Miss Detection and 1% for ACK to DTX.  
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Figure 3.  Coverage area comparison between single-carrier based technique (PUCCH Channel Selection) and NxPUCCH. Urban macro-cell deployment scenario, antenna setup 1x2
Conclusion:  NxPUCCH limits the coverage area of downlink carrier aggregation
Proposal: Concurrent transmission of multiple PUCCH channels (NxPUCCH) via multiple PRBs  is not supported  in LTE-Advanced
5
Summary & Way Forward
In this contribution we have discussed different forms of frequency non-contiguous uplink transmissions taking into account RAN4 input regarding to required output back-off.  We recommend to maintain the low-PAPR properties of single-carrier transmission within component carrier in order to achieve a wide coverage area:

· Concurrent transmission PUCCH and PUSCH  is not supported  in LTE-Advanced 
· Concurrent transmission of multiple PUCCH channels (NxPUCCH)  via multiple PRBs  is not supported  in LTE-Advanced 
Additionally,  we show that  taking account also the power back-off input from RAN4,  the clustered allocation within component carrier gives significant  gain over localized allocation in  terms of both average and cell-edge throughput.  Thus, clustered allocation within component carrier needs to be allowed at least for larger BW options. 
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Appendix
Table 1 System Simulation parameters

	Description
	Settings

	Layout
	19 sites - 3 sector/site – wrap-around

	Propagation scenario
	3GGP Macro Case 1

	System Bandwidth 
	10 MHz

	Radio Chanel
	SCM-C

	Antenna setting
	1x2

	User transmission bandwidth
	Adaptive and non-contiguous in frequency

	Allocation resolution
	1 PRB

	Power Control
	FPC formula ((=0.8)

	HARQ
	Synchronous and non-adaptive

	Traffic model
	full buffer

	Scheduling method
	Proportional fair

	Sounding signal periodicity 
	10 ms

	Sounding method
	Imperfection CSI 

	Number of UEs per sector
	10

	Maximum number of  clusters
	2

	Minimum cluster size
	2 PRB’s
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Figure 4 Link performance of PUCCH format 1a and PUCCH format 1b with channel selection,
