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1. Introduction
The RAN4 work on the EPDCCH WI [1] was started in the RAN4 #64bis meeting. In the previous meetings it was agreed that demodulation tests to verify both EPDCCH and PDSCH demodulation aspects need to be introduced. In the previous RAN4 #67 meeting the RAN4 WG continued the discussion on the demodulation tests for PDSCH based on EPDCCH scheduling and a number of agreements on the tests scenarios and respective parameters were reached [2-3]. In particular, the following agreements were captured with respect to the potential PDSCH test purposes and methodology [3]:
· PDSCH Tests Purposes
· 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
· 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 share our views on the remaining details of the PDSCH demodulation tests.
2. PDSCH Tests Purposes
In our view, the following PDSCH demodulation test purposes should be considered:
PDSCH rate matching
The PDSCH resource allocation may overlap with the resources occupied by EPDCCH. The PRB pairs where EPDCCH transmissions may occur (i.e. EPDCCH-set PRB pairs) are higher-layer configured, while the actual EPDCCH transmission to a particular UE may occupy only a portion of these resources. To optimize system resource utilization the unused EPDCCH resources may be assigned for PDSCH transmissions. To enable such operation UE shall assume that the PDSCH scheduled by EPDCCH is rate-matched around the PRB pair(s) containing the DCI with its DL assignment only. At the same time, UE shall not make the respective assumptions for any other EPDCCH transmissions (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 the 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 overall PDSCH processing time reduction depends on the EPDCCH processing time (i.e. channel estimation and blind decoding). In general potential issues with PDSCH decoding may exist and may be checked under stress PDSCH decoding conditions (i.e. high processing time).
This issue was previously raised in RAN1 WG and it was noted that there may be 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. Furthermore, 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 0.02 ms timing advance at the UE side. At the same time it may be noted that the respective TA value is rather small comparing to the full available time budget for the Rx processing of EPDCCH and PDCCH (~3 ms) and in general it may be not taken into account. 
Observation 1: Reduced PDSCH decoding time testing requires stressed PDSCH processing conditions (i.e. near maximum PDSCH decoding time).
Observation 2: The scenarios when UE operates with large TBS and simultaneously has large TA are not common in practical networks.
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.

3. PDSCH Test Methodology
Two main tests methodologies are considered in application to PDSCH + EPDCCH testing: 
· Sustained downlink data rate test;
· General PDSCH throughput test.
The PDSCH rate matching and PDSCH start OFDM symbol test purposes assume functional demodulation testing. So, there is no principal difference on whether Sustained data rate or General PDSCH throughput test methodology is applied.
Observation 3: PDSCH rate matching and start OFDM symbol functionality may be tested using either Sustained data rate test or General PDSCH throughput methodologies.

With respect to the Reduced PDSCH decoding time test purpose, using sustained data rate test methodology was previously considered as the most feasible approach. However, in the last meeting several potential issues related to the applicability of this approach were identified:
· RF impairments impact [4]. Due to RF impairments, relatively low performance requirements (85% TB success rate) are used for certain sustained data rate tests which may not fit the purpose to detect the potential errors caused by the reduced PDSCH decoding time. In order two solve the issue two solutions were proposed: using lower code rate in the sustained data rate test (i.e. less stress conditions) or using general throughput tests instead. In our view, the tolerance caused by test uncertainty is acceptable and no modifications are needed.
· CTC decoder “early termination” impact on PDSCH decoding time. Typical CTC decoder implementations employ “early termination” mechanism which allows power and processing time saving in case of reliable PDSCH transmissions. So, for the case of using sustained data rate test methodology (i.e. noise free environment) the CTC decoder will complete its operation after a single processing iteration. The CTC decoding time as well as the time budget of a single CTC iteration are implementation specific aspects that depend on multiple factors such as the number of iterations to perform, the number of engines available in the decoder, the hardware clock frequency, etc. All these parameters may significantly vary among companies as well as algorithms used for early termination. Additional aspect that needs to be taken into account is the probability of having maximum number of iterations (typically 8 iterations is assumed), i.e. time budget consuming cases. In general, if early termination is done by CRC check the probability of having maximum number of CTC iterations in one codeblock is roughly approximated by the BLER level at given SNR [5]  (i.e. erroneous packet consume the maximum number of CTC iterations). At the same time, for low BLER and high SNR levels, the amount of executed CTC iterations for error free packets is small (1-3) with high probability [5]. Let’s assume that in case of PDCCH, the system is designed to accommodate processing of 8 CTC iterations. It means that in case of EPDCCH, impact on PDSCH processing time may be negligible for the packets that consume 2-3 CTC iterations in average for error-less packets. The reduced PDSCH processing time (due to EPDCCH) may slightly affect the packets which are erroneous with high probability. Even in this case the vendor specific mechanisms can be used to restrict the maximum number of iterations and avoid potential impact from the reduced processing time due to usage of EPDCCH. 
So, the reduced PDSCH processing time problem will unlikely have impact on the packet not significantly corrupted by noise due to small amount of CTC iterations, while the impact on the erroneous packets is not expected to result in additional performance loss. Assuming that system operates at low BLER (10-1-10-2) levels, the number of error packet is rather low and the average amount of CTC iterations is relatively small. So, in our view the analysis should aim to check whether there are any critical issues due to reduced processing time (e.g. no time for processing of a codeblock). Therefore, it can be concluded that the sustained data rate test methodology may be sufficient to check if there is no critical issues such as erroneous reception caused by lack of processing time budget. 

Observation 4: Sustained data rate test methodology is not absolutely accurate in terms of reduced processing time, however may be applied as an abstraction of a practical scenario in order to detect that there are no critical issues in terms of time budget constraints.

So, in order to meet all the test purposes sustained data rate test may be used.

Proposal 1:
Use sustained data rate methodology for demodulation tests of PDSCH with EPDCCH scheduling.
4. PDSCH Test Parameters
As discussed in Section 3, the sustained data rate test methodology may be adopted for the PDSCH demodulation tests. The proposed PDSCSH tests parameters are based on the legacy PDSCH sustained data rate test scenarios [6]. Additional parameters related to the EPDCCH operation are provided in Table 1.

The main aspects of the test scenario are:

· All parameters except EPDCCH-related are reused from legacy test scenarios;
· EPDCCH resource configuration with one localized EPDCCH-PRB-sets with 2 PRB pairs;
· EPDCCH subframe monitoring pattern is configured in order to reduce the number of additional tests to pass (i.e. enable replacement of the existing SDR tests with the new ones). The EPDCCH USS is monitored in a part of subframes, while PDCCH is monitored in the remaining subframes.
· Random EPDCCH beamforming model is used;
· EPDCCH resource scheduling is random in terms of the choice of EPDCCH candidate.
· Several potential alternatives for EPDCCH start OFDM symbol configuration exist and further discussion on the preferable one is needed:
· Option 1. To fulfil the “PDSCH start OFDM symbol” test purpose the EPDCCH start OFDM symbol is RRC configured (EPDCCH start symbol is #2, CFI = 1.). However, such option may result in the peak rate reduction which is not aligned with the sustained data rate test scope.
· Option 2. The EPDCCH start OFDM symbol is derived from CFI (CFI = 1). In this case “PDSCH start OFDM symbol” functionality will not be verified, however peak rate may be achieved.
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 subframe pattern
	EPDCCH subframe monitoring pattern is configured

	EPDCCH start OFDM symbol
	Option 1: Signaled via higher layers (epdcch-StartSymbol-r11). Start symbol is #2. CFI = 1.
Option 2: Derived from CFI (i.e. default behavior). CFI = 1.

	ECCE Aggregation Level
	2 or 4

	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


Proposal 2:
Adopt proposed parameters for EPDCCH based sustained downlink data rate test.

5. Conclusions

In this contribution we have provided our views on different EPDCCH related aspects that may be verified using PDSCH demodulation tests and shared our views on the respective PDSCH demodulation test methodology.

Finally, we provide the summary of our observations and proposals:

Observation 1: Reduced PDSCH decoding time testing requires stressed PDSCH processing conditions (i.e. near maximum PDSCH decoding time).
Observation 2: The scenarios when UE operates with large TBS and simultaneously has large TA are not common in practical networks.

Observation 3: PDSCH rate matching and start OFDM symbol functionality may be tested using either Sustained data rate test or General PDSCH throughput methodologies.

Observation 4: Sustained data rate test methodology is not absolutely accurate in terms of reduced processing time, however may be applied as an abstraction of a practical scenario in order to detect that there are no critical issues in terms of time budget constraints.

Proposal 1:
Use sustained data rate methodology for demodulation tests of PDSCH with EPDCCH scheduling.
Proposal 2:
Adopt proposed parameters for EPDCCH based sustained downlink data rate test.
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