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1 Introduction

In [1,2] the agreements on the ePDCCH tests were agreed. In particular it was agreed to define several ePDCCH tests. In addition to this the following agreement was made for PDSCH test with ePDCCH.

· PDSCH tests for EPDCCH will be decided in RAN4#68 meeting.
· 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
· 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.
Agreed test purposes will be finalized in RAN4#68. Companies are encouraged to bring their inputs for considerations
This paper provides a way forward for this test and some parameters for the test set up.

While it seems clear that PDSCH rate matching over EPDCCH needs to be included, it is still FSS how to consider the reduced PDSCH decoding time into the test set up.  
2 Discussion on reduced PDSCH decoding time
In past meetings it was discussed whether the use of ePDCCH for scheduling grants can affect PDSCH performance. In particular this is due to the fact that the ePDCCH spans all the subframes while PDCCH spans only the initial OFDM symbols of the subframe.  Hence, the use of the ePDCCH delays the time at which the downlink assignment is known and thus also the time at which processing of the PDSCH can begin. However, the timing of the HARQ feedback for the PDSCH is not changed, so the time available for all processing steps from DCI decoding, through extraction of the PDSCH symbols and turbo decoding up to HARQ-ACK generation is reduced. This may degrade the PDSCH performance. The time needed in order to demodulate the PDSCH and generate ACK/NACK feedbacks is mainly given by several factors: the RB allocation, the number of transmitted layers, the transport block size, the convergence rate of the turbo decoder (i.e. whether the SNR is too close to the iterative decoding threshold or the turbo code), or the target HARQ average retransmission.
In previous meeting RAN 4 discussed two different methodologies in order to stress the UE receiver and make sure that the UE design is such that it can handle properly PDSCH demodulation when ePDCCH is used for scheduling grants:

a) Using Sustained Data Rate tests

b) Using regular PDSCH tests with low SNR (30% of max throughput region) in order to target more than 1 HARQ retransmission.  

By assuming option a) the UE processing time is stressed thanks to the fact that the RB allocation, the number of transmitted layers, the transport block size is maximized. Additionally some FRCs defined for SDR tests, when possible considers very high coding rate (up to 0.9). This stresses also the possible increase in number of iterations of the turbo code required in order to get convergence, depending on the % of maximum throughput required by the test.
The aim of Option b)  is to make sure that the maximum amount of turbo iterations are considered before declaring NACK and requesting a new retransmission. However it is very likely that the UE has early stopping of the turbo decoding process whenever the exit chart shows a fixed point. Several methods exists in literature in order to detect non convergence and stop the iterative decoding process without reaching the maximum amount of turbo iterations (see [3,4] as example, but literature for this topic is very large).    
In order to ensure that all of these processing steps can still be executed in the reduced time, it is preferable to have a test case which uses a large RB allocation, two layer transmission and large transport block sizes with large coding rate. This should exercise all stages of the UE processing chain, including the actual peak data transfer within the UE. 
It should be noticed that in general the UE is designed to cope with certain TA which can happen in real situation. So far no tests are defined with TA>0.  TA can be configured by the eNodeB with a granularity of 0.52musec from 0musec up to a maximum of 0.67musec, corresponding to a cell radius of 100Km. It is recognized that 100km cell radius is not a typical situation; however the introduction of a certain TA in the test could be beneficial together with a new SRD test. 

Proposal 1: Introduce new SDR tests for EPDCCH scheduling grant.

Proposal 2. Consider a certain TA configured in the test set up (proposal could be  0.1musec).  

As pointed out in earlier contributions [5] RF impairments may limit the % of maximum throughput requested by the test. This is due to the high SNR region which can be limited by the RF impairments. In order to cope with this the % of maximum throughput achieved was reduced from 95% to 85%. This is applicable to the SDR test for category 4, 6 and 7. However limitations in terms of SNR due the RF impairments are also applicable when EPDCCH schedules grant; SNR limitation will impact the turbo decoding convergence rate. Hence, it does not seem problematic to consider the same relaxations for EPDCCH testing. In order to overcome this problem a new type of SDR test can be introduced, i.e. with a maximum SNR requirement, i.e. the fraction of throughput has to be achieved with an SNR<= TDB dB.
Proposal 3. The same relaxation in terms of fraction of maximum throughput applied for UE category 4, 6 and 7 is considered as acceptable for EPDCCH tests. Alternatively It can be considered to introduce a limitation in terms of maximum SNR.

SDR tests are defined with and without carrier aggregation, according to the UE categories. In order to limit the amount of test cases one possibility is to define tests only by considering carrier aggregation.  The way the UE supports the computational complexity linked to carrier aggregation is of course implementation dependent. A basic assumption is to consider that the UE handles in parallel the processing of the different carriers in the carrier aggregation configuration. In that case the introduction of multiple carriers does not necessarily imposes additional constraints in terms of timing budget. However, for other implementations the computation burden may be shared and hence carrier aggregation conditions seem to be the most stringent case to be supported. Several requirements should be introduced depending on the UE categories as done for earlier releases.

Proposal 4. Introduce new SDR tests with EPDCCH USS configured,  with carrier aggregation set up and for each UE categories as defined so far in 36.101.
The details of the test set up can follow the legacy SDR tests when applicable, for EPDCCH a localized set with 2 PRB pairs with small aggregation level. EPDCCH starting symbol following PCFICH, single layer transmission and random precoding could be considered. Additionally EPDCCH should overlap with PDSCH in order to make sure that correct rate matching is performed. 
3 Conclusions

In this document we discuss the introduction of new SDR tests when scheduling grants are provided via EPDCCH.

Proposal 1: Introduce new SDR tests for EPDCCH scheduling grant.

Proposal 2. Consider a certain TA configured in the test set up (proposal could be 0.1-0.2musec).  
Proposal 3. The same relaxation in terms of fraction of maximum throughput applied for UE category 4, 6 and 7 is considered as acceptable for EPDCCH tests. Alternatively It can be considered to introduce a limitation in terms of maximum SNR.

Proposal 4. Introduce new SDR tests with EPDCCH USS configured,  with carrier aggregation set up and for each UE categories as defined so far in 36.101.
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