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Introduction
In [2] and [3] we looked at the deployment scenarios for CA, enhanced DL and UL multiple antenna transmission. We also indicated that TR 36.815 [1] indicates a number of open issues which are indentified in italics relating to RF requirements, such as power control, IMD, spurious emission etc which are related to key physical layer decisions in RAN1and RAN2
 In this contribution we focus some of these physical layer decisions in RAN1 and RAN2 and consider the impact on the TDD/FDD transmission path. .  These issues are more applicable to the UE than the BS. We also consider the impact on the FDD Rx performance with respect to single and multiple component carrier aggregation.  We note that this work is preliminary and would need further analysis and verification from other companies on the RAN4 UE impact
2
Discussion of Tx path 
In REL8 the RF performance is defined in terms of a contiguous RB allocation in the UL for a single component CC. In Release 10 additional flexibility is introduced in terms of some key RAN1 physical layer enhancements;    
a) Simultaneous PUCCH/ PUSCH transmissions in the same component carrier 
b) Simultaneous transmission on multiple UL component carriers

These issues are both common to FDD and TDD and cover both single and N x CC configurations where each CC channels bandwidth range from 1.4MHz to 20MHz. Hence this would cover all deployment scenarios for both single and contiguous component carriers listed in TR36.815 
2.1 Simultaneous PUCCH/PUSCH transmissions 
RAN1 decided that in addition to TDM type multiplexing between PUSCH and PUCCH that is currently done in LTE Rel8, LTE Rel 10 will also support simultaneous PUCCH and PUSCH transmission in the same subframe in the same uplink component carrier.  The difference between LTE release 8 and 10 is shown below in figure 2.1-1
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Figure 2.1-1:  Simultaneous PUSCH and PUCCH transmission for LTE Rel10
In RAN4 REL8 the RF performance is defined in terms of the UL RB allocation, the location and power and assumes a contiguous RB allocation in the UL for a single component CC.  Some observations on the RAN1 decisions;
a) If PUCCH and PUSCH is sent simultaneous it is not possible to transmit a contiguous RB allocation in a timeslot since the PUCCH is transmitted on either edge of the channel bandwidth and hence it would be difficult to align the PUSCH and PUCCH RBs in a contiguous manner for both PUCCH RBs
b) If RB allocations are not contiguous than the IMD products will be not meet release 8  spectrum emission mask or OOB emission for all combinations of transmission configuration. Note emission mask for non-contiguous RB allocations is significantly worse than contiguous RB allocation. In this case it would up to the operator or network scheduler to ensure compliance with regulator requirements or define all allowed combinations in the specification – which would be operating band, channel bandwidth and emission mask a function of all non contiguous combinations of RB allocation, location and power.
c) If RB allocations are not contiguous than the IMD products will not support emission control based on PUCCH over provisioning without a complex mapping table in the scheduler as the level of 3rd and 5th order products are significant. This will be an issue for Band 1, 13 and 20 where 3rd / 5th order IMD degrades system performance and impact adjacent operating bands
d) MPR, A-MPR and NS_0X signalling is based on contiguous RB allocation in order to meet regulatory requirements for emission control. If simultaneous PUCCH and PUSCH transmission are specified than this assumption is no longer valid and we would need to redefine these aspect. 
e) If RB allocations are not contiguous and further if the power level between PUSCH and PUCCH RBs is significantly different than the in-band emission will be significant and will require extremely high linearity in the transmitter chain (PA and modulator) to maintain Rel 8 performance. This would place possible restrictions on the UL transmission configuration 
2.2 Transmissions on multiple CC
LTE-A UEs can be configured to transmit on multiple uplink carriers simultaneously.  This includes a combination of PUSCH and PUCCH, where, for example, a UE may transmit the PUCCH in one carrier and the PUSCH in another.  In addition, within the same carrier, UE has the ability to simultaneously transmit both PUSCH and PUCCH. 
In this case it would be useful to consider some possible transmission configurations for LTE-A CA as shown in figure 2.2-1 with different options for PUSCH/ PUCCH locations. Further, transmissions on different component carriers are controlled by independent power control loops and can be at significantly different power levels.
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Figure 2.2-1:  Non -Simultaneous PUSCH and PUCCH on multiple CC
Some observations;
Scenario a) 

· This scenarios is included since it is possible to deploy one CC in the UL and N * CC in the DL as indicated in TR36.815.  This scenario is similar to section 2.1 if simultaneous transmissions and / or non contiguous RB allocations are permitted in CC1. Hence a similar conclusion can be drawn in terms of expected transmitter  impact
Scenario b) 
· This is currently FFS in RAN1 where transmissions from both component carriers are independent – similar to rel 8. Scenario B is more challenging since PUCCH transmission would needed to be high power and MPR solutions are not easily available – reference Band 13. This scenario is similar to section 2.1 if simultaneous transmissions and / or non contiguous RB allocations are permitted across both component carriers. Hence a similar conclusion can be drawn in terms of expected transmitter performance.

Scenario c)
·  This is a similar to scenario b) but has possibly more flexibility due to the lack of control channel in CC2 and hence MPR could be used a tool for emission mitigation for OOB emission and Rx self interference. This mitigation would not be possible if PUCCH control channel are located in CC2. This approach may also provide a more suitable expansion of the contiguous RB allocation principle used in Rel 8 
3 Discussion of Rx path

In this section we look at some of the impacts on Rx performance in Release 10 due to the additional flexibility introduced by RAN1 physical layer enhancements for;

· Simultaneous PUCCH/ PUSCH transmissions in the same component carrier 

· Simultaneous transmission on multiple UL component carriers

These issues are both common to FDD and TDD. In the case of Tx FDD impact is significant on its own Rx path (self interference) and less for co-located DL receivers.  In TDD this impact is only for a co –located DL receiver and hence much less reduced due to geographical separation. Hence the impact on the Rx performance due to its own transmitter does not need to be considered (self interference, cross modulation etc)  
3.1 Impact of 3rd, 5th order IMD UL emissions on Rx 
Simultaneous PUCCH/PUSCH transmissions In section 2.1 we indicated the impact of the 3rd and 5th order IMD products would be increased in case of simultaneous PUCCH/PUSCH transmissions.  This would have an impact on those FDD bands where the duplex gap is less than 2* CA channel band for 3rd IMD products and x * channel bandwidth for higher IMD products. This aspect is seen in Band 20 where significant desense occurs for low UL RB allocations (i.e. PUCCH / PUSCH VOIP) in addition due to the self interference from TX noise which occurs for large UL RB allocations. To address issue for FDD would require significant improvement in the TX image and LO performance and PA/modulator linearity OR a large desense or NS_07 type table. 
Transmissions on multiple CC.  One way of mitigation the impact of 3rd and 5th order IMD would be  
· Do not allocated high power control channel in UL CC2 assuming CC1 is consider the primary UL CC

· Introduce MPR for transmitted RB located in CC2 UL or limit the max power in CC2. noting there is automatic reduction in configured power if CC2 is only used when all RB in CC1 are initially utilized 

A scenario where only PUCCH or PUSCH is configured in either of the CCs in any given subframe as shown in plot below is also possible using current RAN1 agreements (i.e., similar to Rel8) 
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3.2 Impact of desense
For FDD, some of the RAN4 RF performance requirement are based on a restricted UL transmission configuration and assume the UL transmitted RB is located nearest the Rx channel. In this case the impact of desense is much larger for transmitted RB located in CC2.  One way of mitigation this affect is to introduce MPR for transmitted RB located in CC2 UL which would require control channel not be located in CC2 (see figure 2.2-1) or define a scheduler restriction 
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 Figure 3.1-1; FDD desense due to reduced Tx- Rx spacing 
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