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1. Introduction

In the previous RAN4 meetings, initial agreements on the D2D demodulation tests scope were reached in [1]:

· Proposal 1: Consider demodulation performance requirements for D2D channels
· Discovery
· PSDCH
· Communications
· PSSCH
· PSCCH
· PSBCH
· PDCCH DCI Format 5 (FFS)
· Proposal 4: Further discuss the maximum number of independently tested links for D2D demodulation tests.
· Proposal 5: Further discuss procedure to enable testing of D2D demodulation performance.
In this contribution, we continue discussion on the D2D demodulation framework.

2. D2D functionality
2.1 D2D Communication

The summary of the latest RAN1 and RAN2 WGs agreements on the UE D2D Communication capabilities [2] is provided in Table 1.
Table 1. UE D2D Communication capabilities

	WI
	#
	Feature group
	Components
	Prerequisite 
	Note
	RAN WG recommendation

	4. D2D communication
	4-1
	Supported bands of communication
	1) Supported bands of Prose direct communication
2) Simultaneous reception of E-UTRA and Prose direct communication
	No
	Per UE signalling to indicate at least one of the supported bands of Prose direct communications. Support of direct communication and simultaneous reception are indicated per band combination
	Optional w/ capability signalling

	
	4-2
	Simultaneous transmission with E-UTRA
	1) Simultaneous transmission of E-UTRA and Prose direct communication as well as simultaneous reception supported by #4-1.
	#4-1
	Per UE signalling
	Optional w/ capability signalling

	
	4-3
	NW scheduled resource allocation
	1) Prose direct communication based on network scheduled resource allocation
	#4-1
	Capability signalling is not required.
	Mandatory for UEs supporting Prose direct communication

	
	4-4
	UE autonomous resource selection
	1) Prose direct communication based on UE autonomous resource selection
	#4-1
	Capability signalling is not required.
	Mandatory for UEs supporting Prose direct communication


In summary, from the receiver perspective the D2D communication capable UE should be able to support demodulation of PSSCH, PSCCH and PSBCH channels and as well as SLSS processing and all these features are expected to be supported jointly at the UE side (i.e. capabilities 4-1 / 4-3 / 4-4). The RAN4 requirements should enable verification of the correct implementation of these functions. The capability 4-2 is related to the transmitter side procedures and cannot be covered by the RAN4 requirements.
In our view, there are three general purposes of performance tests for the D2D Communication demodulation:

1. Verification of single link PSCCH, PSSCH, and PSBCH demodulation performance
· Physical Sidelink Control Channel (PSCCH) demodulation
· Physical structure (PUSCH, 1 symbol gap, RE mapping, hopping)

· PSCCH resource allocation

· Soft-combining of PSCCH retransmissions

· Physical Sidelink Shared Channel (PSSCH) demodulation
· Physical structure (PUSCH, 1 symbol gap, RE mapping, hopping)

· PSSCH resource allocation

· Soft-combining of PSSCH retransmissions

· Physical Sidelink Broadcast Channel (PSBCH) demodulation
· Physical structure (PUSCH, 1 symbol gap, RE mapping)

2. Verification of UE capabilities to simultaneously receive multiple PSCCH and PSSCH signals from different sources.
3. Verification of peak PSSCH demodulation capabilities (maximum data peak rate and maximum number of sidelink processes)
From the test design procedure view, the work on the single link demodulation requirements (Test purpose 1) can be prioritized. The test cases should cover D2D communication Mode 1/2, enable verification of the D2D communication operation in different RRC states incl. RRC_CONNECTED, RRC_IDLE, and Out of coverage.
For the verification of D2D communication multi-signal reception capabilities (Test purpose 2) realistic receive signal model needs to be defined. In particular, the model needs to include realistic receive power, time and frequency offsets between the signals received from multiples sources. For the verification of the multi-signal reception capabilities 2 or 3 different simultaneous D2D links can be considered.
For the D2D communication peak capabilities verification (Test purpose 3) it is desirable to verify that UE can handle reception of up to 16 different Sidelink processes corresponding to different D2D transmitters. Meantime, such big amount of D2D links in a single test may be not feasible from the test complexity point of view. We think that it may sufficient to consider signal reception from 2-3 possible transmitters. Hence, the test complexity is expected to be on par with the existing cellular tests at the cost of slightly reduced test coverage.
Proposal #1: For D2D communication, consider threes general test purposes:

1. Verification of single link PSCCH, PSSCH, and PSBCH demodulation performance under typical conditions (first priority)
2. Verification of UE capabilities to simultaneously receive multiple PSCCH and PSSCH signals from different sources.
3. Verification of peak PSSCH demodulation capabilities (SDR test).
Proposal #2: Use 2-3 D2D links for multi-link D2D communication demodulation test cases.

2.2 D2D Discovery

The summary of the current RAN1 and RAN2 WGs agreements on the UE D2D Discovery capabilities [2] is provided in the Table 2.
Table 2. UE D2D Discovery capabilities

	WI
	#
	Feature group
	Components
	Prerequisite 
	Note
	RAN WG recommendation

	4. D2D discovery with/without D2DSS
	4-5
	Supported bands of discovery
	1) Supported bands of Prose direct discovery
	No
	Per UE signalling
	Optional w/ capability signalling

	
	4-6
	Number of discovery processes
	1) Number of supported processes for Prose direct discovery
	#4-5
	Per UE signalling
	N.A (as the capability signalling indicates the number of supported processes)

	
	4-7
	NW scheduled resource allocation
	1) Transmission of discovery announcements based on network scheduled resource allocation
	#4-5
	Per UE signalling
	Mandatory for UEs supporting Prose discovery

	
	4-8
	UE autonomous resource selection
	1) Transmission of discovery announcements based on UE autonomous resource selection
	#4-5
	Per UE signalling
	Mandatory for UEs supporting Prose discovery

	
	4-9
	SLSS
	1) Transmission and reception of Side Link Synchronisation Signal for Prose direct discovery
	#4-5
	Per UE signalling
	Optional w/ capability signalling


At the receiver side, the D2D Discovery capability requires implementation of the PSDCH demodulation functionality (feature 4-6) for Type 1 (feature 4-7) and Type 2 (feature 4-8) Discovery types. Furthermore, optionally UE can also support SLSS reception (feature 4-9) and corresponding modified PSDCH reception procedures. All these four capabilities need to be covered by the RAN4 tests and requirements.
The following three general test purposes can be defined:

1. Verification of single link demodulation performance for the Physical Sidelink Discovery Channel (PSDCH)

· Physical layer design (PUSCH structure, 1 symbol gap, RE mapping, hopping)

· Receive signal soft-combining

· Using D2D synchronization signals (D2DSS) to assist demodulation for the capable UEs
2. Verification of capability to receive discovery signals from multiple D2D sources
3. Verification of peak D2D discovery capabilities

Similar to D2D communication, for the verification of D2D Discovery multi-signal reception capabilities (Test purpose 2) the realistic receive signal model needs to be defined. Given, that for the typical use cases the number of simultaneous D2D Discovery links in one TTI can be larger comparing to the D2D communication, slightly larger number of links can be used for the corresponding tests setup (e.g. 5).
To demonstrate D2D Discovery peak PSDCH demodulation capabilities (Test purpose 3) UE needs to handle either 50 or 400 sidelink processes (depending on capability 4-6). Support of such number of links in the TE would have too high complexity. Further discussion on the feasible number of tested links for the D2D Discovery multiple signals reception testing is needed in order to find a balance between the test coverage and TE complexity. 
Proposal #3: For D2D discovery, consider three general test purposes:

1. Verification of single link PSDCH demodulation performance under typical conditions (first priority)

2. Verification of UE capabilities to simultaneously receive multiple PSDCH signals from different sources
3. FFS whether to consider verification of peak PSDCH demodulation capabilities (SDR test)

3. Scenarios and assumptions
Scenarios

The D2D Discovery and Communication features were designed to support operation in a variety of different scenarios. Following the discussion in [3], we provide the description of the target D2D scenarios from the network coverage perspective.
Table 3. D2D scenarios
	Scenario
	Description
	D2D Capabilities
	D2D processing

	In coverage, intra-cell
	Both D2D TX/RX nodes are located in network coverage and associated with same cell
	D2D Discovery (Type 1/2) with and without SLSS
D2D Communication (Mode 1/2) 
	D2D TX/RX rely on the WAN synchronization

	In coverage, inter-cell

(synchronous)
	Both D2D TX/RX nodes are located in network coverage and associated with different synchronous cells
	D2D Discovery (Type 1/2) with and without SLSS

D2D Communication (Mode 1/2)
	D2D TX/RX rely on the WAN synchronization

	In coverage, inter-cell

(asynchronous)
	Both D2D TX/RX nodes are located in network coverage and associated with different time domain asynchronous cells
	D2D Discovery (Type 1/2) with SLSS

D2D Communication (Mode 1/2)
	D2D TX rely on the WAN synchronization 

D2D RX rely on the WAN for frequency synchronization and SLSS for timing acquisition

	Partial coverage (In => Out)
	D2D TX node is located in network coverage and D2D RX node is located out of network coverage
	D2D communication (Mode 1/2) 
	D2D TX rely on the WAN synchronization 

D2D RX rely on the SLSS for timing and frequency acquisition

	Partial coverage (Out => In)
	D2D TX node is located out of network coverage and D2D RX node is located in network coverage
	D2D communication Mode 2
	D2D TX rely on the SLSS for timing/frequency acquisition

D2D RX rely on the SLSS for timing and frequency acquisition

	Out of coverage
	Both D2D TX/RX nodes are located out of network coverage.
	D2D communication Mode 2
	D2D RX rely on the SLSS for timing and frequency acquisition


The D2D demodulation test cases should ensure broad test coverage in terms of the deployment scenarios and also supported functionality. The described test scenarios are characterized by different propagation conditions in terms of time and frequency offset models which need further analysis. 
Proposal #4: D2D demodulation requirements should cover a variety of possible D2D scenarios incl. in-coverage (intra- and inter-cell), partial coverage and out of coverage.
Time offset model

The time offset model is described in more details in the companion paper [4]. Below, in Table 4 we provide the summary of our views on the RX timing window selection approaches and on the experienced timing errors.
Table 4. D2D TX/RX timing models
	Scenario
	D2D TX Timing
	D2D RX Timing
	Timing offset components

	In coverage intra-cell 
	WAN DL RX timing
	WAN DL RX timing
	1. WAN DL timing measurement accuracy at D2D TX = ±12 Ts

2. WAN DL timing measurement accuracy at D2D RX = ±12 Ts

3. Signal propagation (between eNB and D2D TX, eNB and D2D RX, D2D TX and D2D RX)

	
	WAN UL TX timing (PSSCH Mode 1)
	WAN DL RX timing – D2D TA command 
	1. WAN DL timing measurement accuracy at D2D TX/RX = ±12 Ts
2. WAN DL timing measurement accuracy at D2D RX = ±12 Ts

3. D2D TA command granularity = ±8 Ts
4. Signal propagation (between eNB and D2D TX, eNB and D2D RX, D2D TX and D2D RX)

	In coverage inter-cell (synchronous)
	WAN DL RX timing
	WAN DL RX timing Option 1: Serving cell DL 
Option 2: Neighbouring cell DL
	1. Same as for In coverage intra-cell

2. Cell phase synchronization accuracy (±92Ts) for the case of using serving cell based DL RX timing

	
	WAN UL TX timing (PSSCH Mode 1)
	WAN DL RX timing – D2D TA command 
Option 1: Serving cell DL 
Option 2: Neighbouring cell DL
	1. Same as for In coverage intra-cell

2. Cell phase synchronization accuracy (±92Ts) for the case of using serving cell based DL RX timing

	In coverage inter-cell

(asynchronous)
	WAN DL RX timing
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts

	
	WAN UL TX timing (PSSCH Mode 1)
	SLSS RX timing – D2D TA command
	1. SLSS timing measurement accuracy = ±12 Ts

2. D2D TA command granularity = ±8 Ts

	Partial coverage 
(In => Out)
	WAN DL RX timing
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts

	
	WAN UL TX timing (PSSCH Mode 1)
	SLSS RX timing - D2D TA command
	1. SLSS timing measurement accuracy = ±12 Ts

2. D2D TA command granularity = ±8 Ts

	Partial coverage 
(Out => In)
	
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts

	Out of coverage
	
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts


Proposal #5: Adopt the RX timing window and error models provided in Table 4.

Frequency offset model

The RAN4 requirements should ensure D2D operation under realistic frequency offset conditions observed in the networks. The actual frequency offset model would depend on the considered scenario and the summary of our views on models to be used in the D2D demodulation framework are summarized in Table 5.
The key factors which affect the frequency errors are:

· WAN measurements error: The WAN measurements accuracy would affect the frequency errors between eNodeB UL and D2D TX/RX and hence would have impact on the total D2D RX frequency error for in-coverage intra-cell and inter-cell scenarios. The amount of the errors depends on the WAN UE measurements accuracy which can be assumed equal to ±0.1 ppm.
· SLSS measurements error: The SLSS measurements accuracy would affect the frequency errors between D2D TX/RX for the partial coverage and out of coverage scenarios. The measurements accuracy can be assumed equal to ±0.1 ppm.
· eNodeB UL frequency error: For the in coverage intra-cell scenarios both D2D TX/RX nodes obtain synchronization from the same eNodeB. So, the eNodeB frequency error would not affect the frequency error observed at the D2D receiver. For the partial coverage and out of coverage scenarios the frequency error would depend on the SLSS processing and will not be impacted by the eNodeB frequency error. Meantime, for the in coverage inter-cell scenarios (both synchronous and asynchronous) in case the D2D TX/RX derive the frequency synchronization from different eNBs the frequency errors in the neighboring cells would contribute to the overall frequency error. However, in case the D2D RX gets frequency synchronization from the neighboring cell the errors can be avoided. For the current analysis it may be assumed that the eNodeB frequency error is equal ±0.1 ppm (for Local Area BS).
Table 5. D2D frequency offset model
	Scenario
	Frequency error components
	Total D2D RX frequency error

	In coverage, intra-cell
	· eNodeB UL and D2D TX error = ±0.1 ppm (WAN measurements)
· eNodeB UL and D2D RX error = ±0.1 ppm (WAN measurements)
	±0.2 ppm



	In coverage, inter-cell (synchronous and asynchronous)
	· eNodeB 1 UL and D2D TX error = ±0.1 ppm (WAN measurements)
· eNodeB 2 UL and D2D RX error = ±0.1 ppm (WAN measurements)
· eNodeB 1/2 UL errors

· Option 1 (sync from different eNBs): 2 x ±0.1 ppm = 0.2 ppm
· Option 2 (sync from same eNB): 0
	Option 1: ±0.4 ppm

Option 2: ±0.2 ppm

	Partial coverage (Out => In, In => Out)
	· D2D TX and D2D RX error = ±0.1 ppm (SLSS measurements at the D2D TX or RX sides)
	±0.1 ppm



	Out of coverage
	· D2D TX and D2D RX error = ±0.1 ppm (SLSS measurements at the D2D RX side)
	±0.1 ppm




Proposal #6: Adopt the frequency offset/error model provided in Table 5.
Receive signal power imbalance model
The receive signal power imbalance model needs to be defined for the multi-link D2D tests aimed at the verification of UE’s capabilities to simultaneously receive D2D signals from multiple D2D transmitters/sources. Depending on the propagation loss the signals received in one TTI from different D2D transmitters may have different receive power. The exact power imbalance would depend on the deployment characteristics, physical channels coverage and other factors. In order to define a realistic receive signal power imbalance model, system-level studies are needed.
The received signals power imbalance would have impact on the AGC efficiency and also would result in the in-band emission effects which would decrease the demodulation performance especially for the lower power signals.
Proposal #7: Further study realistic D2D receive signal power imbalance model for the demodulation tests for the verification of UEs capability to simultaneously receive D2D signals from multiple sources.
D2D/WAN Concurrency
For D2D discovery it was agreed that “the UE uses DRX occasions in RRC_IDLE and RRC_CONNECTED or second RX chain if it is available, for intra- frequency, inter-frequency and inter-PLMN discovery message monitoring”. Meantime, it was also decided that there is no dedicated UE capability signaling to inform on the availability of the dedicated RX chain that can be used for the Discovery operation. So, in case the test is defined for the case of the concurrent WAN and D2D operation, some UEs would be able to pass it and some not depending on the implementation. To avoid such situations, it is suggested to define D2D Discovery test cases for the DRX occasions in RRC_IDLE and RRC_CONNECTED without any concurrency with WAN operation.
In addition, for both D2D Discovery and Communication the current RAN1/RAN2 agreements do not preclude shared DL and D2D soft-buffer implementations, and therefore the D2D demodulation performance cannot be guaranteed in case of concurrent WAN and D2D operation. Furthermore, the WAN operation is prioritized over D2D. For instance, in case of concurrent PDSCH and D2D reception, UE may need to send HARQ feedback in UL and hence interrupt the D2D reception. In this case the D2D demodulation performance would degrade due to test setup issues rather than wrong UE implementation. In order to avoid such interruptions it is suggested to define D2D communication test cases in way to preclude any concurrency with WAN related procedures.
Proposal #8: D2D demodulation requirements are defined under assumption of no D2D/WAN operation concurrency.
TX EVM
The 10% UE transmit EVM can be used for the purpose of demodulation requirements definition.

Proposal #9: D2D UE TX EVM = 10%
Channel model
For the D2D demodulation requirements the existing RAN4 channel models can be reused. In particular, both static and multi-path fading propagation models should be considered. The use of multi-path fading models for at least a number of tests is required to check the UE implementation robustness to different propagation environments.
Proposal #10: Consider both static and multi-path fading channel models for the D2D demodulation test cases.

Doppler fading
For the typical D2D SI/WI scenarios different types of UE mobility were considered. The maximum UE speed considered in the D2D studies was 60 km/h for the public safety scenarios. Therefore, the UE demodulation requirements need to ensure proper UE performance under such conditions given that both D2D transmitter and receiver may have up to 60 km/h velocity. Thus, further discussion on the realistic model to emulate dual side mobility Doppler spectrum model is needed.
4. D2D receiver assumptions

AGC settling time

For the demodulation requirements definition it can be assumed that UE skips processing of the initial OFDM symbol(s) of each TTI due to AGC settling effects. Previously the RAN4 WG has reached the following agreements on the AGC settling time for D2D communication and discovery [5]:

· An LTE UE employing an AGC implementation based on energy estimation can settle within one LTE symbol (up to 70us). Note that RAN4 has not made any assumption on the baseline AGC type. Furthermore based on UE implementation, additional AGC settling time (e.g., 2-3 symbols overall) may be required for higher order modulation to achieve acceptable accuracy. However the impact to demodulation performance may or may-not be significant.

For the purpose of the demodulation requirements definition a single OFDM symbol AGC settling time can be assumed for the QPSK modulation transmissions. Further analysis on whether same assumption can be reused for the 16QAM transmissions is needed.

Proposal #11: AGC settling time of one OFDM symbol per TTI is assumed for QPSK transmissions.
Soft combining

Both D2D discovery (PSDCH) and communication (PSSCH, PSCCH) physical channels take benefit of multiple signal retransmissions and rely on the soft combining of the repeated transmissions. The D2D demodulation tests should aim to verify that UE has appropriate implementation of the soft combining functionality. Meantime, based on the RAN1 agreements the PDSCH reception may be prioritized over D2D reception (see Section 2) and under certain conditions UE may omit soft combining in favor of DL reception. To verify proper soft-combining implementation no concurrent WAN/D2D operation should be assumed.

Observations:

· Both D2D discovery (PSDCH) and communication (PSSCH, PSCCH) physical channels take benefit of multiple signal retransmissions and rely on the soft combining of the repeated transmissions.

Proposal #12: D2D tests should enable verification of the soft-combining implementation for both D2D discovery and communication.

Time/Frequency offset compensation

For the in-coverage scenarios D2D UEs rely on the post-FFT time and frequency offset estimation and compensation. The respective DMRS based time/frequency offset measurements are an important component of the D2D receiver functionality. Assuming that the measurements accuracy reduces with the DMRS bandwidth reduction the demodulation requirements should ensure D2D operation for the minimum resource allocation bandwidth (1-2 PRB pairs).

Observations:

· D2D receivers rely on the DMRS based time/frequency offsets estimation and compensation.

For the PSSCH, PSBCH and PSDCH physical channel the DL transmission timing is used. For the PSSCH physical channel, either DL or UL based transmit timing can be applied depending on the transmission mode. For the DL timing case, receive timing offsets need to be compensated solely at the receiver side via autonomous time offset measurements. For the UL timing case, the PSCCH would carry the TA command which can be used to assist the time offset measurements. The demodulation tests should cover both DL and UL transmit timing cases and ensure correct UE implementation.

Observations:

· Different time offset compensation mechanisms may need to be considered for the case of DL and UL based D2D transmit timing.

Proposal #13: RAN4 tests should ensure correct implementation of the time/frequency offset handling for the D2D transmissions based on both DL and UL transmit timing.

Channel estimation

D2D potentially allows using channel estimation combining over multiple TTIs. In our view such implementations should not be mandated. The minimum performance requirements need to be defined under an assumption of a single shot per-TTI measurements.

Proposal #14: D2D demodulation requirements are defined under assumption of per-TTI channel estimation.

5. Test procedure
Both D2D Discovery and Communication rely on broadcast transmissions and do not have L1/L2 feedback channels. So, from the test perspective the D2D physical channels performance cannot be measured using the conventional ACK/NACK based mechanisms used for the WAN DL channels. 

Observations:

· D2D physical channels demodulation performance cannot be measured using L1 feedback mechanisms.

In our view to ensure proper verification of the D2D functionality the corresponding conformance tests need to be introduced. In general, a special UE test loop in analogy to the MBMS services can be introduced for the D2D tests. During the test the UE can collect the required statistics (e.g. number of successfully received packets) and send corresponding feedback to the TE for the performance metrics calculation. In our understanding this question needs further attention from both RAN4/5 WGs with special UE test loop being more in the scope of the RAN5 WG responsibility. So, we recommend to further discuss this issue in RAN4 and consider to request the RAN5 WG on the feasibility of the D2D conformance tests.

Proposal #15: Request RAN5 on the feasibility of the UE D2D demodulation conformance testing.

6. Conclusions

In this contribution, we have shared our views on the D2D demodulation requirements scope, tests purposes and testability. In summary, we make the following proposals:

Proposal #1: For D2D communication, consider threes general test purposes:

4. Verification of single link PSCCH, PSSCH, and PSBCH demodulation performance under typical conditions (first priority)

5. Verification of UE capabilities to simultaneously receive multiple PSCCH and PSSCH signals from different sources.

6. Verification of peak PSSCH demodulation capabilities (SDR test).
Proposal #2: Use 2-3 D2D links for multi-link D2D communication demodulation test cases.

Proposal #3: For D2D discovery, consider three general test purposes:

4. Verification of single link PSDCH demodulation performance under typical conditions (first priority)

5. Verification of UE capabilities to simultaneously receive multiple PSDCH signals from different sources
6. FFS whether to consider verification of peak PSDCH demodulation capabilities (SDR test)

Proposal #4: D2D demodulation requirements should cover a variety of possible D2D scenarios incl. in-coverage (intra- and inter-cell), partial coverage and out of coverage.

Proposal #5: Adopt the RX timing window and error models provided in Table 4.

Proposal #6: Adopt the frequency offset/error model provided in Table 5.

Proposal #7: Further study realistic D2D receive signal power imbalance model for the demodulation tests for the verification of UEs capability to simultaneously receive D2D signals from multiple sources.
Proposal #8: D2D demodulation requirements are defined under assumption of no D2D/WAN operation concurrency.
Proposal #9: D2D UE TX EVM = 10%

Proposal #10: Consider both static and multi-path fading channel models for the D2D demodulation test cases.

Proposal #11: AGC settling time of one OFDM symbol per TTI is assumed for QPSK transmissions.
Proposal #12: D2D tests should enable verification of the soft-combining implementation for both D2D discovery and communication.

Proposal #13: RAN4 tests should ensure correct implementation of the time/frequency offset handling for the D2D transmissions based on both DL and UL transmit timing.

Proposal #14: D2D demodulation requirements are defined under assumption of per-TTI channel estimation.

Proposal #15: Request RAN5 on the feasibility of the UE D2D demodulation conformance testing.
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