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1. Introduction

The work plan for the “Carrier Aggregation for LTE” WI was approved in the RAN4#54 meeting [1]. The schedules for some key specification areas are shown in Figure 1 below:
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Figure 1 - RAN4 CA specification schedule
As can be seen, the work for the UE demodulation and CSI requirements is expected to start from the RAN4#55 meeting. In particular the following aspects are to be addressed:
· Analyze impact of RAN1 decisions / requirements on RAN4 demodulation requirements
· Discuss and propose the principles of deriving demodulation requirements 
· Identify demodulation requirements which require changes / additions
2. Generic aspects

Looking at the RAN1 progress on LTE-A, it would seem practical to begin the work for the CA performance requirements from the existing Rel-8/9 transmission modes. The work related to the new Rel-10 transmission modes and CSI could then follow slightly later, conditioned by the RAN1 progress. The outcome of the CA studies could be easily extended to cover the new requirements for the advanced MIMO modes. Moreover it could be sensible to keep the CA, MIMO, and CSI work as separate tasks (e.g. separate framework documents and/or facilitator company), as to avoid the burden of maintaining one large verification framework.
The general principles used in drafting the LTE Rel-8/9 UE demodulation requirements are expected to apply to Rel-10 as well:
· Find the best balance for the number of scenarios and the test coverage

· Minimize test time

· Test each feature ideally only once

· Ensure compatibility with future requirements
· Reuse the earlier test practices whenever appropriate

· Pick relevant corner cases

· Ensure receiver-agnostic requirements

It might be also worthwhile to recall some of the problem areas in Rel-8/9:
· Try to account the UE categories to avoid limited test coverage 
· Try to ensure sufficient control channel performance (e.g. avoid 1.4 MHz with low SNR)
· Try to adopt the most common bandwidth configurations to avoid limited test coverage on certain frequency bands 
3. PDSCH requirements
One possible starting point for deriving the CA requirements for the Rel-8/9 transmission modes would be to reuse the existing Rel-8/9 requirements. The obvious benefit of this approach is that no additional simulation campaign would be needed and the number of verification scenarios would remain the same, hence facilitating a faster completion of the requirements.
The first aspect to be considered is whether a Rel-8/9 minimum requirement X for bandwidth B would be applicable as such for the aggregation of N x B component carriers, putting the aspect of the UE categories aside for a moment. As the current requirements are formulated as a percentage of the maximum throughput, such approach would be feasible given the performance of each Rel-10 component carrier would correspond to that of Rel-8/9. This is considered in the following.
In general, it has been decided in RAN1 that each component carrier can be configured as Rel-8 compliant [2]. In particular there is one transport block (or two in the case of MIMO) and one HARQ entity per component carrier. The control channels (PDCCH/PCFICH/PHICH) utilize the same design (modulation, coding, mapping, payload formats) as in Rel-8/9 given no cross-carrier scheduling is present and the number of downlink CC is greater than or equal to the uplink CC. The allocation of PBCH/PSCH/SSCH is the same as in Rel-8/9.
It is assumed that the carrier aggregation is applicable to all Rel-8/9 transmission modes, although this is still to be confirmed by RAN1. Furthermore it is assumed that the CSI-RS is not used in the case of Rel-8/9 transmission modes, however this is also to be confirmed by RAN1. 

For the channel model, it seems that the existing Rel-8/9 definitions (e.g. Doppler, delay profiles, correlation matrices, HST) could be applied per component carrier. 
Considering above, it seems feasible to reuse the existing requirements in the case of N x B carrier aggregation. However, the impact of the UE categories and supported band combinations needs to be considered as well. As a starting point, the 10 MHz channel bandwidth is assumed in most of the existing Rel-8/9 scenarios, while the other bandwidths are covered only by few scenarios. If a UE at a certain CA band would e.g. support an aggregation of only N x 20 MHz, the carrier aggregation capability could be verified by SIMO tests 15 and 18 only. Hence, somewhat different approach might be required depending whether aggregation of 10 MHz bandwidth will be made available for all CA bands. Note that, as far the UE demodulation requirements are considered, there should be no difference between intra and inter-band carrier aggregation but either could be used to verify a certain band combination. 
Case 1: Intra/inter-band aggregation of N x 10 MHz will be supported for all CA bands
In this case the CA requirements could be simply defined per UE category utilizing the maximum bandwidth combination permitted (e.g. maximum number of DL-SCH transport block bits received within a TTI). In case the aggregation of bandwidth B was not allowed in the given E-UTRA CA band, the single-carrier requirements would apply.

Some hypothetical requirements for a carrier aggregation test X are shown in the table below. Note that the details of the CA UE categories are completely open and the discussions are ongoing in RAN1 and RAN4. 
	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	X
	10 MHz
	R.1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-5

	
	1 x 10 MHz
	R.1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	CA 1-2

	
	2 x 10 MHz
	R.1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	CA 3-5

	
	3 x 10 MHz
	R.1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	CA 6


Case 2: Intra/inter-band aggregation of N x 10 MHz will not be supported for all CA bands

It is possible that the 10 MHz channel bandwidth will not be supported in the context of intra-band CA but the bandwidth combinations are limited to e.g. 15 and 20 MHz. In such case it could be considered whether a partial allocation could be utilized to cover the 10 MHz verification scenarios. In most cases the existing rel-8/9 minimum requirements and reference measurement channels are expected to apply, however e.g. the impact of larger sub-band size for PMI reporting would need to be evaluated. 
4. Control channel requirements

Two mechanisms are supported in Rel-10 for the signaling of resource assignments for PDSCH and PUSCH transmission. In the first mode a PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats are used on each component carrier [2]. Hence the Rel-8/9 requirements are expected to apply.
In the second mode, a PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field (CIF). Hence an additional scenario might be needed to ensure that the UE would be able to carry out cross-carrier scheduling in a proper manner, e.g. to decode CIF, determine the PDSCH starting position (details TBD in RAN1), and handle the extended search space (details TBD in RAN1). However it needs to be emphasized that the PDCCH structure (coding, same CCE-based resource mapping) is the same as in Rel-8/9 so the actual demodulation performance would be already verified as part of Rel-8/9 tests. From the functional point of view, a correct implementation of the cross-carrier scheduling could be verified as part of the PDSCH tests i.e. more like in the context of RAN5.
For PHICH, the physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to resource elements) are reused in rel-10 [2]. The PHICH is transmitted only on the downlink component carrier that was used to transmit the UL grant. The Rel-8 PHICH resource mapping rule is reused at least for the case that the number of downlink component carriers are more than or equal to that of uplink component carriers and no carrier indicator field is used. Some new mapping solution might be needed for the case where the number of downlink component carriers is less than to that of uplink component carriers or when CIF is used (RAN1 details TBD). However the basic setup where N users are multiplexed in one PHICH group applies also to this case, hence implying that no new verification scenarios might be needed for PHICH either, however pending for the finalization of the RAN1 work. 
5. Conclusions

What comes to the rel-8/9 transmission modes, the existing PDSCH requirements seem applicable for carrier aggregation, however pending for the RAN1/RAN4 decision on UE categories/capabilities.
No additional requirements for the verification of control channel performance (PCFICH/PDCCH, PHICH) seem to be needed, however pending for the finalization of RAN1 details.
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