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1. Introduction

It was agreed to support NxDFT-S-OFDM for multiple component carriers as the UL transmission scheme in RAN1#55.

In this RAN1 meeting, the group is expected to discuss whether the following extensions, OFDM for MIMO, and Clustered DFT-S-OFDM for non-contiguous allocation within a component carrier, will be supported or not in LTE-Advanced.

In this contribution, we raise a few remaining issues regarding the uplink transmission scheme:

· Necessity of supporting dynamic switching to DFT-S-OFDM 

· Signaling issues

· Transmission power control issues

2.  Necessity of supporting dynamic switching to DFT-S-OFDM

Support of NxDFT-S-OFDM can also include support of DFT-S-OFDM within a single component carrier. Thus DFT-S-OFDM is the basic transmission scheme for LTE-Advanced UEs. Moreover, DFT-S-OFDM maintains backward compatibility with LTE Rel.8 UEs.

Extensions of the uplink transmission scheme, e.g. OFDM or Clustered DFT-S-OFDM, have several advantages over DFT-S-OFDM such as:

· Higher spectrum efficiency because of non-contiguous RB allocation[1][2][3]

· SM (Spatial Multiplexing) transmission and high order modulation possible performance improvements.

· suitable for non-cell-edge UEs

On the other hand, DFT-S-OFDM has advantages over the “uplink transmission scheme extensions”, such as:

· Low CM/PAPR property

· Not much difference between the single transmission and low order modulation case.

· suitable for cell-edge UEs

As described above, both options, “UL transmission scheme extensions” and DFT-S-OFDM, have pros and cons, depending on the range of diverse situation (e.g., good power efficiency at cell edges would favor use of DFT-S- OFDM, whereas scheduling requirements might favor OFDM or Clustered DFT-S OFDM away from the cell edge.).

Therefore to satisfy both the following requirements over the range of diverse situations and achieve an overall higher level of performance over the total deployment scenarios, 

· Same Cell coverage as LTE Rel.8

· Performance improvement in high SINR region, 

it is advantageous to support dynamic and seamless switching between UL transmission scheme modes and DFT-S-OFDM, especially in the large cell case [4][5][6]. 

One concern which has been discussed:
· Support for DFT-S-OFDM will have a negative impact on the LTE-A UE’s circuit size.

However, all LTE-A UE’s must support DFT-S-OFDM to maintain backwards compatibility with Rel.8.

Therefore, supporting DFT-S-OFDM itself will have no impact for the LTE-A UE’s circuit size. 

Another concern might be additional signaling [5][6]. We discuss this topic in the next section.

3. Impact of supporting multiple UL MA scheme modes
3.1. Switching of the UL MA scheme modes

Necessity of UE specific switching for some cases
In a small-to-medium sized cell environment, UE specific switching to DFT-S-OFDM may not be necessary since it is not power-limited environments and UEs may have enough power headroom even on the cell-edge. 
However, in a large cell environment, it is necessary to support UE specific switching since some UEs don’t have enough power headroom on the cell-edge. That is because an UL transmission scheme extension is suitable for non-cell-edge UEs and DFT-S-OFDM is suitable for cell-edge UEs especially in large cell environments.

Thus, it is desirable to support UE specific switching of UL MA modes in a large cell environment, because “single UL transmission scheme mode” does not provide acceptable performance for cell-edge UE’s.

Proposal: 

· UE specific  UL MA mode switching at least in the large cell environment

RRC signaling versus L1/L2 signaling for mode-switching
The UL transmission scheme impacts the TPC when UE specific UL MA mode switching is supported. It is because the maximum transmission power will be different for different UL transmission scheme modes
Moreover, when the transmission power level becomes close to Pmax, the UE may have to change the  UL transmission scheme mode quickly, in order to increase the Pmax value.  In other words, dynamic switching of UL MA modes is more preferable than semi-static switching of these.  Additionally, since the TPC command will be signaled via L1/L2 signaling, i.e. PDCCH, and it is useful to do this signaling with little delay, it is elegant to also use the L1/L2 signaling for indicating the transmission scheme mode.

The choice of the active UL transmission scheme mode is closely related to TPC, since each UL transmission scheme has a different maximum transmission power Pmax. Therefore, the TPC may request a transmission power level that is close to Pmax   , forcing the UE to also quickly change to a different UL transmission scheme mode.   

Because the above indicates PHY processing changes, latency in performing this operation should be limited to that expected for TPC. In other words, since the TPC command will be signaled via L1/L2 signaling, i.e. PDCCH, in Rel.8, it is advantageous that both the TPC command and the UL transmission scheme mode change are signaled via L1/L2 signaling in LTE-advanced.

Proposal: 

· L1/L2 signaling should be used to trigger UL MA scheme mode switching

There are several other signaling methods which do not incur additional overhead when indicating which UL MA transmission scheme mode to use. For example, if Clustered DFT-S-OFDM is supported, it is possible that the RB allocation in PDCCH can implicitly signal the desired UL MA transmission scheme mode.  Also, if Clustered DFT-S-OFDM is supported, the  DCI format and/or MCS may implicitly signal the desired UL MA transmission scheme mode if OFDM will also be supported [5] [6].

3.2. Power control

As shown in Table 1 below,, each UL MA transmission scheme mode has a different CM value [1] [7] [8].
Table 1:  CM values for different UL MA schemes and the number of blocks

	
	Number of blocks
	
	
	

	
	1
	2
	3
	4
	5

	OFDM
	3.33
	3.33
	3.33
	3.33
	3.33

	Clustered DFT-S-OFDM
	1.22
	1.88
	2.24
	2.51
	2.61


  Since each CM value requires a different PA backoff, the UE has to set the maximum transmission power based on CM and the PA backoff values as shown in Table 2. 

Table 2: Relationship between Pmax, maximum transmission power, and UL transmission scheme due to PA backoff ( 1Tx Antenna case PA’s capacity = 24dBm)

	UL transmission scheme
	Pmax

	DFT-S-OFDM
	24dBm

	Clustered DFT-S-OFDM (2 Block)
	23.3dBm

	Clustered DFT-S-OFDM (3 Block)
	23.0dBm

	Clustered DFT-S-OFDM (4 Block)
	22.7dBm


PA’s capable of producing a Pmax of 24dBm are currently used and widely available. If two of these same PA’s are to be used in UEs which have 2 Tx antennas, the UEs will have to implement a 3dB back off anyway. (i.e. two Tx antennas at 21dBm each, results in 24dBm total transmit power).  In this case, the UE does not need to implement different maximum transmission powers as a means of realizing different PA backoff values, to meet the CM values shown in Table 3.   However, depending on different implemented PAs capacities the UE may need different maximum transmission power as shown in Table 4 since a PA with lower Pmax, consumes less power, since the selection of the PA is an implementation matter for the UE manufacturer, the specification should cover the different PA’s capacity.

Based on these considerations, our proposal is described below.

Proposal: 

Pmax of TPC should be defined based on:

· UL transmission scheme mode, e.g. OFDM, Clustered DFT-S-OFDM, DFT-S-OFDM

· PA’s capacity, e.g. 24dBm or 21dBm

· UE class, e.g. 24dBm

Table 3 : Relationship between Pmax and UL transmission scheme ( 2Tx Antennas case, PA’s capacity = 24dBm)

	UL transmission scheme
	Pmax

	DFT-S-OFDM
	21dBm

	Clustered DFT-S-OFDM (2 Block)
	21dBm

	Clustered DFT-S-OFDM (3 Block)
	21dBm

	Clustered DFT-S-OFDM (4 Block)
	21dBm


Table 4: Relationship between Pmax and UL transmission scheme ( 2Tx Antennas case, PA’s capacity = 21dBm)

	UL transmission scheme
	Pmax

	DFT-S-OFDM
	21dBm

	Clustered DFT-S-OFDM (2 Block)
	20.3dBm

	Clustered DFT-S-OFDM (3 Block)
	20.0dBm

	Clustered DFT-S-OFDM (4 Block)
	19.7dBm


4. Conclusions

We believe that it is inherently advantageous to support dynamic and seamless switching between proposed UL transmission scheme extensions and DFT-S-OFDM.

We propose  - 

UE specific UL MA mode switching at least in the large cell environment

We also propose for the switching mechanism - 

UE specific UL MA mode switching at least in the large cell environment

using L1/L2 signaling

Finally, we also consider TPC mechanism for multiple UL MA schemes.

We propose   - 

Pmax of TPC should be defined based on:

· UL transmission scheme mode, e.g. OFDM, Clustered DFT-S-OFDM, DFT-S-OFDM

· PA’s capacity, e.g. 24dBm or 21dBm

· UE class, e.g. 24dBm
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