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1. Introduction
In RAN4 #67, RAN4 had further discussion regarding PDSCH demodulation test scheduled by ePDCCH. Agreements from RAN4 #67 are captured in WF [1]. 

· Test purposes
· PDSCH rate matching over EPDCCH
· PDSCH scheduled by EPDCCH is rate-matched around the PRB pair(s) containing the DCI with its DL assignment
· Reduced PDSCH decoding time
· The EPDCCH spans the entire subframe, the time available for PDSCH decoding is reduced comparing with scheduling via PDCCH. 
· Other test aspects are not precluded
· Agreed test purposes will be finalized in RAN4#68. Companies are encouraged to bring their inputs for considerations.
· PDSCH test methodology alternatives
· Alternative 1: Sustained downlink data rate test
· Peak data rate PDSCH transmission scheduled by EPDCCH 
· For further discussion
· RF impairments impact (R4-132360)
· CTC decoder “early termination” impact on PDSCH decoding time
· TA values
· Test coverage with respect to different UE categories and CA
· Alternative 2: General PDSCH throughput test with max TBS at certain SNR operating points
· Other alternatives are not precluded
· Test methodology will be finalized in RAN4#68. Companies are encouraged to bring their inputs for considerations.
In this contribution, we will provide our view on test case design for PDSCH test with ePDCCH scheduling. 
2. Test purposes
Test purpose for PDSCH demodulation test with ePDCCH scheduling has been discussed over multiple RAN4 meetings. Most obvious aspect of PDSCH transmission affected by ePDCCH is that PDSCH should be rate matched around ePDCCH PRBs for DL scheduling when PDSCH and ePDCCH PRBs overlaps. Also, TBS of PDSCH should be determined based on number of PRBs before rate matching. Rate matching around ePDCCH PRBs is mostly functional aspect of UE implementation and it can be verified by any type of PDSCH demodulation test with ePDCCH scheduling. 
Since ePDCCH spans entire SF, UE is left with less time for PDSCH decoding relative to PDCCH scheduling. Effect of reduced PDSCH decoding time will be felt the most when UE tries to decode PDSCH at peak rate. That is the reason why we proposed to consider sustained data rate (SDR) test. Note that we can also verify rate matching behavior in SDR test. 
Proposal 1. Introduce SDR test for ePDCCH to verify UE’s demodulation capability at peak data rate with reduced PDSCH decoding time. 
3. Test methodologies

There are still following open issues regarding how to define SDR test with ePDCCH scheduling. 

· CTC decoder “early termination” impact on PDSCH decoding time
· TA values
· Test coverage with respect to different UE categories and CA
3.1. CTC decoder “early termination” impact 
There was a concern that CTC decoder might be terminated earlier when test is defined in clean channel with high TB success rate.  In order to put CTC decoder at higher stress, i.e., more decoding iteration, it was proposed to define test at HARQ retransmission regime. However, verifying physical layer capability is not the only purpose of SDR test. SDR test was introduced to verify peak data rate handling in UE’s upper layer HW/SW as well as physical layer. If offered traffic to upper layer is reduced by defining test in HARQ retransmission regime, traffic load into upper layer would be reduced, which will compromise one of main SDR test purposes. 
Proposal 2:  Define SDR test with ePDCCH scheduling in the same way as existing SDR test.
3.2. Test coverage
With the introduction of additional CA SDR tests for different UE category and CA bandwidth combination, UE is now supposed to pass one SDR test out of suite of SDR test cases depending on UE’s capability. Especially, if UE can be tested against CA SDR test, UE dose not need to run single carrier SDR test. 
Now RAN4 is considering introduction of SDR test with ePDCCH scheduling. If SDR test with ePDCCH scheduling is introduced, we need to determine which test cases are defined and how test case to be run is selected. We can consider two options.
· Option 1: Define full suite of SDR test for all UE category and CA bandwidth combination. If UE supports ePDCCH, SDR test with ePDCCH scheduling is prioritized. Otherwise, SDR test with PDCCH scheduling is applied. 
· Option 2: Define SDR test with ePDCCH scheduling for only single carrier. UE is required to run one SDR test with ePDCCH scheduling and one SDR test with PDCCH scheduling. 
 Decision might depend on a couple of factors. One factor we need to consider is whether we can define SDR test with ePDCCH at the same TB success rate. According to TS 36.213, PDSCH TBS is determined based on number of allocated PRBs before rate matching around ePDCCH PRB. Thus, effective code rate is expected to be higher for ePDCCH scheduling than PDCCH scheduling. Assuming that 100 PRBs are allocated for PDSCH with MCS 27 and 1 PRB is occupied by ePDCCH, code rate is 0.872 for PDCCH scheduling and 0.881 for ePDCCH scheduling. Even though we need to verify the performance difference by simulation, code rate difference does not seem large enough to significantly affect TB success rate. Another factor to consider is tradeoff between workload to duplicate test cases and number of actual test cases to be run. Option 1 would require definition of more test cases but would require UE to run only one test case. With option 2, RAN4 needs to define less test cases but UE will need to run two test cases, one for PDCCH and the other for ePDCCH. In our view, option 1 is better since duplicating SDR tests for ePDCCH is not a big deal once high level strategies are determined. Defining SDR test would not require simulations for all UE category and CA bandwidth combinations but one simulation for typical case. 
Proposal 3:  Take option 1 as a strategy to duplicate SDR test cases for ePDCCH. 

3.3. Timing advance (TA)
One issue that has been controversial in RAN1 discussion for ePDCCH was whether to introduce some relaxation on peak data rate when large timing advance (TA) is observed. Large TA would effectively reduce available time for PDSCH demodulation on UE. However, RAN1 decided not to consider any relaxation for that. Thus, technically speaking, there is no relaxation and UE implementation should be dimensioned for worst case deployment scenarios. In general, we believe extremely large TA like 600us is not a valid assumption for SDR test. Large TA can happen when UE is located at the cell edge of large cell but UE cannot have good SNR to allow scheduling of highest MCS PDSCH. However, assuming TA=0 us also seems too optimistic as an assumption for minimum UE requirement. As a compromise, we propose to consider 200us as a TA value to be configured in ePDCCH SDR test.
Proposal 4:  Consider TA of 200us in ePDCCH SDR test. 

3.4. Test parameters
Table 1 lists proposed test parameters for SDR test with ePDCCH. 

Table 1. Test parameters for SDR test with ePDCCH scheduling

	Transmission type
	localized

	Channel bandwidth
	10MHz, 20MHz
2x10MHz, 2x20MHz, 10+20MHz, 10+15MHz, 15+20MH

	Duplex mode
	FDD, TDD

	PDSCH transmission mode
	TM3

	MBSFN SF configuration
	no

	CP type
	normal

	CFI
	1

	Number of ePDCCH sets (K)
	2 (both localized ePDCCH)

	Number of PRBs in ePDCCH set
	4

	aggregation level
	2

	monitoring SF configuration
	no

	DM-RS port precoding
	random precoding

	Antenna configuration
	2x2

	propagation channel
	static channel

	Number of PDSCH PRBs
	100 (1 PRB is occupied by ePDCCH)


4. Conclusion

In this contribution, we provided further analyses on remaining issues in PDSCH demodulation test with ePDCCH scheduling. Our proposals are

Proposal 1. Introduce SDR test for ePDCCH to verify UE’s demodulation capability at peak data rate with reduced PDSCH decoding time. 

Proposal 2:  Define SDR test with ePDCCH scheduling in the same way as existing SDR test.

Proposal 3:  Take option 1 as a strategy to duplicate SDR test cases for ePDCCH. 

Proposal 4:  Consider TA of 200us in ePDCCH SDR test. 
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