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1. Introduction
The RAN4 work on the EPDCCH WI [1] was started in RAN4 #64bis meeting. In RAN4 #65 and #66 meetings it was agreed that EPDCCH has no impact on Core RRM requirements, RF requirements, BS demodulation requirements and on UE demodulation requirements in terms of existing PHICH, PCFICH, and PBCH demodulation, as well as CSI tests and measurements accuracy [2], [3]. It was also agreed that further RAN4 work should focus on the EPDCCH and PDSCH UE demodulation tests. Some agreements on the respective test scenarios were reached during RAN4 #66 and RAN#66bis and are summarized in [3] and [4], respectively.

From the methodology perspective EPDCCH related UE demodulation tests may be split into EPDCCH and PDSCH tests. The EPDCCH demodulation tests aim to verify performance and functional aspects of EPDCCH physical channel receive processing and are further discussed in the companion paper [5]. The PDSCH demodulation tests are aimed to verify EPDCCH impact on the PDSCH demodulation performance and the respective test scenarios are further discussed in this paper.

2. Discussion on PDSCH demodulation tests

2.1 Test purposes

In RAN4 #66 it was agreed that the purpose of PDSCH test scenarios it to check PDSCH rate matching over EPDCCH [3]. However, the EPDCCH impact on PDSCH demodulation is not limited by rate matching only. The following aspects may be verified using PDSCH demodulation tests:
PDSCH rate matching
The PDSCH resource allocation may overlap with resources occupied by EPDCCH. The PRB pairs where EPDCCH transmissions may occur (i.e. EPDCCH-set PRB pairs) are higher-layer configured while the EPDCCH transmission to a particular UE may occupy only a portion of these resources. To optimize resource utilization unused EPDCCH resources may be assigned for PDSCH transmissions. The UE shall assume that the PDSCH scheduled by EPDCCH is rate-matched around the PRB pair(s) containing the DCI with its DL assignment. At the same time UE shall not make the respective assumptions for any other EPDCCH transmission (e.g. UL grant). Despite reduced resource allocation, the TBS for the PDSCH should be calculated in accordance to the number of allocated PRB pairs signalled in the DCI (i.e. without excluding overlapping EPDCCH PRB pairs).
Reduced PDSCH decoding time

Since the EPDCCH spans the entire subframe, the time available for PDSCH decoding is reduced comparing with scheduling via PDCCH. The processing time reduction depends on the EPDCCH processing time (i.e. channel estimation and blind decoding). This issue was previously raised in RAN1 and it was noted that this may cause some PDSCH decoding problems in case of large PDSCH transport blocks and large timing advance (TA). However, no consensus was reached in RAN1 and no solutions were adopted to resolve this issue. 
The situations when UE operates with large TBS and simultaneously has large TA are not common, since large timing advance implicitly assumes communication over large distances, where data rate is reduced. In order to get the upper bound estimate of TA the analysis of peak data rate vs. communication range can be used. The MCS schemes having large TBS typically operate at SNR more than 15 dB. Assuming pathloss models from the 3GPP Case 1/3 scenarios the feasible propagations distance can be estimated to be upper bounded by 3km which is equivalent to the 0.02ms timing advance at the UE side. 
So the RAN4 tests are recommended to verify that UE is capable to receive peak rate PDSCH transmissions assuming scheduling via EPDCCH along with 0.02ms TA assumption. At the same time it may be noted that the respective TA value is rather small comparing to the available time budget for the Rx processing of EPDCCH and PDCCH (~3 ms) and in general it may be not taken into account. 
PUCCH A/N resource allocation
Similar to PDCCH, the EPDCCH has impact on the PUCCH resource allocation for HARQ feedback transmission. The PUCCH format 1a/1b resource starting offset is higher layer configured for each EPDCCH set. Additionally, in DCIs carried by EPDCCH explicit 2-bit ACK/NACK resource offset (ARO) field is always present to enable dynamic adjustment of PUCCH ACK/NACK resources.
PDSCH start OFDM symbol

The EPDCCH start OFDM symbol index has impact on the PDSCH starting position. For TM1-9 if the PDSCH is assigned by EPDCCH received in the same serving cell and if the UE is configured with the higher layer parameter epdcch-StartSymbol-r11 then the PDSCH starting position is given by epdcch-StartSymbol-r11. In order to check this aspect the CFI and epdcch-StartSymbol-r11 parameters may be assigned different values and thus incorrect implementation at the UE side will result in wrong rate matching assumptions.

PDSCH PRB bundling

The EPDCCH PRBs may break the PDSCH Precoding Resource block Groups (PRGs). If the UE does not take into account hat EPDCCH resources then it may have negative impact on channel estimation accuracy for TM 9 and TM 10.
Proposal 1:
UE implementation in terms of EPDCCH impact on PDSCH rate matching, decoding time, start OFDM symbol, and PRB bundling, and PUCCH A/N resource allocation needs to be tested.

2.2 Test scenarios
Given relatively large number of features that should be covered by PDSCH tests it may be difficult to define a single test scenario that fits all the purposes. So, at current stage we propose to prioritize verification of PDSCH rate matching and reduced decoding time aspects and adopt sustained data rate tests for these purposes. 
Proposal 2:
Use sustained downlink data rate test methodology to verify UE implementation in terms of EPDCCH impact on PDSCH rate matching, decoding time, and PUCCH A/N resource allocation. 
Introduction of new sustained downlink data rate tests will increase the overall number of test and Rel-11 EPDCCH capable UEs should pass both legacy and new sustained data rate tests. However, another approach may be applied and EPDCCH capable UEs may be forced to pass new tests only. In the latter case, EPDCCH USS subframe monitoring pattern may be defined to check performance for both PDCCH and EPDCCH in the same test setup.

Proposal 3:
For Rel-11 UEs with EPDCCH capabilities consider to replace existing Rel-10 sustained data rate tests with new proposed sustained downlink data rate test scenarios with joint PDCCH/EPDCCH operation.
3. Parameters for sustained data rate test with EPDCCH
The purposes of the considered sustained downlink data rate test scenario are to verify correct PDSCH rate matching over EPDCCH, UE capabilities to perform PDSCH processing under reduced timelines, and proper PUCCH A/N resource indexing. Since different UE categories have different peak data rates, EPDCCH based sustained downlink data rate tests should be defined for each UE category (same as legacy tests). The majority of parameters used for the test may be reused from legacy test scenarios. Additional parameters related to the EPDCCH operation are provided in Table 1.
The main aspects of the test scenario are:

· Separate test for each UE category (same as legacy tests);

· All parameters except EPDCCH-related are reused from legacy test scenarios;
· Simple EPDCCH resource configuration with one localized EPDCCH-PRB-sets with 2 PRB pairs;
· EPDCCH USS is monitored in part of subframes, PDCCH is monitored in the remaining subframes;
· Random EPDCCH beamforming model;
· EPDCCH resource scheduling is random in terms of the choice of EPDCCH candidate.
Table 1. Sustained downlink data rate test parameters
	Parameter
	Value

	General parameters
	As defined in 3GPP TS 36.101 Section 8.7 [6]

	PDSCH parameters
	As defined in 3GPP TS 36.101 Section 8.7 [6]

	PDCCH parameters
	As defined in 3GPP TS 36.101 Section 8.7 [6]

	Number of EPDCCH sets
	1

	EPDCCH transmission mode
	Localized

	Number and configuration of EPDCCH PRB pairs
	2 PRB pairs overlapping with PDSCH resource allocation

	EPDCCH DMRS scrambling sequence initialization value (
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	1

	EPDCCH subframe pattern
	EPDCCH subframe monitoring pattern is configured

	EPDCCH start OFDM symbol
	Derived from CFI (i.e. default behavior)
EPDCCH starts from OFDM symbol #1

	EPDCCH format
	0

	PUCCH format 1a/1b resource allocation
	PUCCH format 1a/1b resource starting offset 
	0

	
	ACK/NACK resource offset (ARO) field in DCI
	Dynamically assigned from subframe to subframe

	EPDCCH beamforming model
	Random precoding based on Rank 1 codebook

Precoder update granularity:

· Frequency domain: 1 EPDCCH PRB pair

· Time domain: 1 subframe

	EPDCCH scheduling assumptions
	EPDCCH candidate index is randomly assigned in each subframe

	Timing advance
	Option 1: 0.02 ms 

Option 2: No TA


Proposal 4:
Adopt proposed parameters for EPDCCH-based sustained downlink data rate test.

4. Conclusions
In this contribution we have provided our views on different EPDCCH related aspects that may be verified using PDSCH demodulation tests and proposed the respective PDSCH demodulation test scenarios.
Finally, we provide the summary of our proposals:
Proposal 1:
Correct UE implementation in terms of EPDCCH impact on PDSCH rate matching, decoding time, start OFDM symbol, and PRB bundling, and PUCCH A/N resource allocation needs to be tested.

Proposal 2:
Use sustained downlink data rate test methodology to verify correct UE implementation in terms of EPDCCH impact on PDSCH rate matching, decoding time, and PUCCH A/N resource allocation. 

Proposal 3:
For Rel.11 UEs with EPDCCH capabilities consider to replace existing Rel.10 sustained data rate tests with new proposed sustained downlink data rate test scenarios with joint PDCCH/EPDCCH operation.
Proposal 4:
Adopt proposed parameters for EPDCCH-based sustained downlink data rate test.
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