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In RAN4#73, the group had agreements on the scope of D2D demodulation [1]. In RAN4#74 meeting, due to the prioritization of D2D core part, the demodulation part was not well discussed. There are still quite lots of open issues. In this contribution, we try to address our view on these open issues related to D2D demodulation. 
General Consideration
Scenarios
For D2D transmissions, two types of transmission are defined, one is D2D communication, and one is D2D discovery. For discovery, the following two types of discovery procedure are defined:
Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis
For communication, the following two modes are defined:
· Mode 1: 
· The location of the resources for transmission of the scheduling assignment by the broadcasting UE comes from the eNodeB. 
· The location of the resource(s) for transmission of the D2D data by the broadcasting UE comes from the eNodeB.

· Mode 2:
· A resource pool for scheduling assignment is pre-configured and/or semi-statically allocated.
· UE on its own selects the resource for scheduling assignment from the resource pool for scheduling assignment to transmit its scheduling assignment.
From transmission point of view, there are some differences for Type 1 and Type 2 discovery regarding resource allocation, and there are also some differences for Mode 1 and mode 2 communications with respect to resource allocation. However, from reception point of view, the same physical layer procedure is applied for Type 1 and Type 2 when discovery signal is transmitted. Similarly, the same physical layer procedure for reception is applied for Mode 1 and mode 2 communications. Hence, for UE performance, it may be not necessary to elaborate the tests for all the type and mode. Only one type is selected for discovery and one mode is selected for communication. Type 2 discovery and Mode 1 communication is preferred. Another advantage of mode 1 communication test is to verify DCI 5 implicitly. 
Proposal 1: The physical layer reception procedure is agnostic to communication mode and discovery type, Type 2 discovery and Mode 1 communication is preferred.
For communication, whether the transmitter or the receiver is in the coverage or out-of-coverage, the transmitter are with the same cell with the receiver or with different cell cells, whether the cells are synchronous or asynchronous, may have impact on the demodulation performance. However, from physical layer procedure point of view, it is very similar. If the parameters are set in a general way, with which UE cannot rely on any pre-known knowledge about the transmission, all the scenarios can be covered. Hence, we propose to have one general setup to cover all the scenarios for communication. One setup example is given in the companion paper [11]. 
For discovery, we have two UE categories, one is discovery without D2DSS (4-1) and one is with D2DSS (4-2). For these two kinds of UEs, the physical layer reception procedure has difference. For Discovery, different test setup may be used for different category UE. 
Proposal 2: One general side condition setup for communication to cover all the scenarios (in-coverage, or out-of-coverage, inter-cell or intra-cell, synchronous or asynchronous) is preferable. For Discovery, the available of the D2D synchronization signal is UE category dependent. Multiple side conditions may be used for Discovery to cover different UE categories. 

Side link(s) configuration
How many side links shall be configured in the test is still open. In case multiple side link(s) (e.g, two) are configured, the following benefits can be observed:
· It can verify the D2D demodulation performance with SFN synchronization source. In D2D communication, the PD2DSS and SD2DSS signals are transmitted in the same time and frequency resource. Further, in the same cell, the same sequence will be used for different D2D transmitter. In other words, the synchronization source is multiplexed with SFN manner. Obviously, the synchronization performance had impact on the D2D demodulation performance. 
· It can verify the D2D demodulation performance in case the receive condition is unfavorable for AGC adjustment. According to RAN1 LS [6], Unlike LTE UL, there is no single point of reception (i.e. eNodeB) for D2D. As a consequence, D2D transmissions may not be power controlled to any single UE. This may potentially lead to significant received power variation from one time instant to another for a D2D UE. In RAN4 LS [7], it is concluded:
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.
If one side link is configured, FRC is used for the performance requirements definition. In FRC test, it is challenge to change the transmitter power to verify the performance. However, when two side links are configured, one link is the target test link, and the other link can accompany the link with significant power variation from one instant to another, so that the AGC can be verified.  With this test setup, the performance is more close to what is expected in practical deployments. 
One concern for multiple links is the test complexity. However, the complexity may be comparable with FeICIC and NAICs test. In FeICIC, two aggressor cells are configured, and in NAICs, two aggressor cells are configured too. In this test, considering the WAN link, the total number of transmitters is three, which is comparable with FeICIC setup and NAICs setup. Hence: 
Proposal 3: In D2D test, at least two side links can be configured in the test.

D2D reception with soft combining
For Discovery, number of retransmissions of a discovery transmission within a discovery period for each reception pool can be configured. The configurable number is {0, 1, 2, 3}. For communication, Blind retransmission of D2D data communication transport blocks is supported. RV pattern for data: {0, 2, 3, 1}. It is reasonable to assume soft combining for these retransmissions. Otherwise, 
· With 2 transmissions, the loss for not performing soft combination is ~2dB [9].
· With 4 transmissions, the loss for not performing soft combination is ~3.5dB [9].
The loss is significantly. For soft-combing issue, the LS [8] from RAN have the following agreements: 
RAN1 sees benefits from soft-combining of repeated transmissions of discovery messages within a discovery period when repeated transmissions are configured.
Based on the RAN1 agreements and the loss without soft combining, we propose:
Proposal 4: For communication, soft-combining of repeated transmissions can be set as reference receiver. For discovery, if repetition transmission is configured for D2D discovery, Soft-combing of repeated transmissions shall be set as reference receiver. 

D2D/WAN concurrency
D2D impact on WAN reception with concurrent D2D/WAN 
According to the agreements, the group agreed to have performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery. For D2D communication, the current RAN1 agreements have no indication on the difference of communication and discovery regarding this point. Hence, it is agreeable to have performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery as well as D2D communication. 
Proposal 5: Introduce performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery or communication is configured. 
The D2D impacts on the WAN come from the following aspects:
· D2D link share the memory with the WAN. When D2D is concurrent with WAN, in additional to the memory needed by WAN, the memory for D2D link is needed. If the memory is not designed properly, the WAN performance will degrade when D2D link is enabled.  It would be even worse when the peak data rate for WAN is configured. 
· In case D2D/WAN shared RX chain is configured, the switching reception time may lead to UE cannot simultaneously receive D2D and WAN. 
· In case D2D/WAN separate RX chain is configured, UE need to handle the two links in the same time. The process resource, such memory, DSP, etc will face challenge. Without proper implementation, WAN performance may not be guaranteed. 
· There are potentially other impacts such as downlink and uplink timing issue which are not well investigated. 
In order to verify no impact on the WAN demodulation performance in case of D2D discovery and communication, the WAN link shall be modelled explicitly in the test (s). 
Proposal 6: In D2D test(s), the WAN link shall be explicitly modelled.
In order to force UE to have the specification compliant behavior so that WAN performance is not impacted due to buffer limitation, we propose to have test similar like sustained data rate test to verify both WAN performance and D2D performance. 
Proposal 7: To avoid the impact on WAN performance due to buffer limitation, the test(s) with maximum buffer demand from WAN and D2D reception are introduced to verify both WAN performance and D2D performance.  
In order to guarantee the WAN performance due to the UE limited reception capabilities, RAN1 have defined the following prioritization rule in section 9.1.3 of 36.211 [10] for the simultaneous sidelink and uplink/downlink transmissions, the UE behavior is specified as: 
A UE with limited reception capabilities shall at a given time first prioritize downlink reception, followed by sidelink communication reception, sidelink discovery reception on carriers configured by the eNodeB, and last sidelink discovery reception on carriers not configured by the eNodeB.

The prioritization rule is very important for WAN performance, Hence, it is necessary to have test case(s) to verify the prioritization. 

Proposal 8: To avoid the impact on WAN performance due to limited reception capabilities, test(s) shall be introduced and the purpose of the test(s) is to verify the prioritization rule for concurrent WAN/D2D reception.  

RRC state for D2D/WAN concurrency
In order to test D2D, one concern is the D2D link may not be testable if UE is in active mode. The concern comes from the WAN transmission is always prioritized over D2D reception. However, these concerns can be resolved with proper D2D reception pool configuration and WAN downlink transmission configuration. The details are shown in Section 4 and Section 3.  With the testability, we can have:
Proposal 9: In order to verify the WAN performance with concurrent D2D/WAN, the UE under test is configured as RRC_CONNECTED. 
Consideration on the asynchronous deployments
For D2D communication/discovery, one important scenario is asynchronous deployment. For asynchronous deployment, the synchronization procedure and the reception window is different from synchronous case. In order to verify UE to capable to handle both synchronous case and asynchronous case, at least one test shall be introduced for asynchronous case. 
Proposal 10:   At least asynchronous deployment shall be covered for communication and discovery.  
[bookmark: _Ref410400653]Discovery test setup
In order to verify the prioritization rule for the simultaneous sidelink and downlink reception, the test pattern shown in Figure 2 could be used. In this pattern, “DL” row indicates the reception in downlink carrier and “UL” row indicates the reception in uplink carrier. “SYN” block is for the time resource assigned for synchronization, “D” blocks represents the time resource assigned for discovery. 
In order to avoid dropping D2D reception due to the prioritization of PUCCH transmission, the subframe n-4 is preferable not to be scheduled when D2D reception is configured in subframe n. Further, in RAN4 test, subframe 5 is not scheduled due to SIB may be transmitted in these subframes in the test. Considering this traditional setup for RAN4 test, we can put all D2D reception in subframe 9. Another benefit to have this setup is to increase the throughput of WAN and make the test more stressful. 
In order to stress test the impact of D2D due to the soft buffer sharing, maximum MCS is configured in the WAN downlink, and maximum number of WAN HARQ processes is configured. In addition, 8 HARQ process and 20 MHz bandwidth is used for the stress test purpose. The detail parameters are for WAN link and the side link are shown in Table 1 and Table 2, respectively. 
[bookmark: _Ref410486188]Table 1: Setup for WAN link
	Parameters
	Value

	TM
	TM 3 rank-2

	MCS
	MCS=28

	HARQ process
	8 HARQ processes are used

	Bandwidth
	20 MHz

	Channel model
	ETU

	Antenna configuration
	2x2



[bookmark: _Ref410486201]Table 2: Setup for Side link (Discovery)
	Parameters
	Value

	The maximum number of Sidelink processes
	50

	The maximum number of bits of a single Sidelink transport block
	232 bits

	Number of retransmissions of a discovery transmission within a discovery period
	4

	Number of discovery reception pools
	1

	Number of side Link
	2

	MCS
	TBD

	Model of side link#1
	The transmission power is fixed

	Model of side link#2
	The transmission power is varied over the time in a large dynamic range

	Discovery type
	Type 2b



It should be noted here, for feature group 4-1, the D2DSS is not needed. 
For different capability UE, the performance metric may be different. For limited reception capability UE, only WAN performance is set as the test metric. For the UE with the capability to perform simultaneous discovery reception and DL Uu in FDD, both WAN performance and D2D performance are set as the test metric.  From WAN test point of view, legacy performance may be referred.
[image: ]
[bookmark: _Ref410489874]Figure 2: Discovery test setup for concurrent WAN/D2D 
[bookmark: _Ref410400633]Communication test setup
For communication, the UE shall be assumed to be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D. Considering the PUCCH transmission which is prioritized over D2D reception and T-RPT properties, one potential test pattern could be given as Figure 3. In this pattern, the subframes following one uplink HARQ process are allocated for D2D transmission and reception. For WAN setup, Table 1 could be reused. For side link, the setup is given in Table 3.  
[image: ]
[bookmark: _Ref410503115]Figure 3: Test setup for Communication
[bookmark: _Ref410634215]Table 3: Setup for Side link (Communication)
	Parameters
	Value

	The maximum number of Sidelink processes
	1

	The maximum number of bits of a single Sidelink transport block
	25456 bits

	Number of side Link
	2

	MCS
	TBD

	Model of side link#1
	The transmission power is fixed

	Model of side link#2
	The transmission power is varied over the time in a large dynamic range

	Communication mode
	Mode 1



Proposal 11: Considering the pattern and parameters defined in 3 and Section 4 in the D2D discovery and communication test setup.  
Others
Besides the above open issues, there are some other open issues:
Performance metric: For the performance metric, no issues are identified with the legacy performance metric, such as SNR@70% throughput. Hence, SNR@70% throughput could be set as the start point for the performance metric.  
Conclusion
In this contribution, we provide our further view on the high level D2D demodulation test setup. We have the following proposals:
Proposal 1: The physical layer reception procedure is agnostic to communication mode and discovery type, Type 2 discovery and Mode 1 communication is preferred.
Proposal 2: One general side condition setup for communication to cover all the scenarios (in-coverage, or out-of-coverage, inter-cell or intra-cell, synchronous or asynchronous) is preferable. For Discovery, the available of the D2D synchronization signal is UE category dependent. Multiple side conditions may be used for Discovery to cover different UE categories. 
Proposal 3: In D2D test, at least two side links can be configured in the test.
Proposal 4: For communication, soft-combining of repeated transmissions can be set as reference receiver. For discovery, if repetition transmission is configured for D2D discovery, Soft-combing of repeated transmissions shall be set as reference receiver. 
Proposal 5: Introduce performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery or communication is configured.
Proposal 6: In D2D test(s), the WAN link shall be explicitly modelled.
Proposal 7: To avoid the impact on WAN performance due to buffer limitation, the test(s) with maximum buffer demand from WAN and D2D reception are introduced to verify both WAN performance and D2D performance.
Proposal 8: To avoid the impact on WAN performance due to limited reception capabilities, test(s) shall be introduced and the purpose of the test(s) is to verify the prioritization rule for concurrent WAN/D2D reception.
Proposal 9: In order to verify the WAN performance with concurrent D2D/WAN, the UE under test is configured as RRC_CONNECTED. 
Proposal 10:   At least asynchronous deployment shall be covered for communication and discovery.  
[bookmark: _GoBack]Proposal 11: Considering the pattern and parameters defined in 3 and Section 4 in the D2D discovery and communication test setup.
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