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[bookmark: _Ref298777854]Introduction
In RAN4#74bis meeting, how to setup D2D test for side link is extensively discussed, but there are no agreements on how to setup the test. In this contribution, we share our view for the open issue for D2D test setup for the side link. 
High level discussion
Scenarios
According to 36.877 [1], “It was suggested that a subset consisting of B3, B7, B14, B20, B26 and B28 for PS deployment of D2D_discovery and D2D_communications and B2, B4, and B41 for commercial D2D_discovery.”  According to the agreements, in Rel-12, D2D communication was only defined for FDD band, and D2D discovery was defined for both FDD and TDD. On current world-widely deployed FDD networks, most of them are asynchronous network. Hence, asynchronous network deployment shall be the basic assumption for the communication. Therefore, ProSe transmission shall cover the following scenarios:
· Intra-cell D2D discovery
· Synchronous inter-cell D2D discovery
· Asynchronous inter-cell D2D discovery
· Intra-cell D2D communication
· Asynchronous/synchronous inter-cell D2D Communication
· OOC D2D communication
One test case may cover multiple scenarios if the same UE behavior can be applied. For example, UE behavior for intra-cell D2D discovery and synchronous inter-cell D2D discovery is similar. In these two cases, W2 will be signaled. Otherwise, W1 will be signaled. The only difference is the transmission/reception takes place in different pool. From physical layer point of view, only W1 and W2 is mattered. Hence, one test case is enough to cover intra-cell D2D discovery and synchronous inter-cell D2D discovery.  A separate test case is for asynchronous inter-cell D2D discovery. 
As another example, the UE behavior is similar for intra-cell D2D communication, Asynchronous/synchronous inter-cell D2D communication, and OOC D2D communication. For all of them, the synchronization is based on SLSS; TA=0 is only one special case of TA>=0. The only difference is on how to get the pool information. To verify UE can handle the pool information correctly only needs functionality test. It has been tested in RRM test. Hence, in demodulation test, we can skip the functionality test and focus on the performance part. Asynchronous inter-cell D2D communication is general enough to cover all new UE behavior. Hence, we propose:
Proposal 1: In the discovery test, intra-cell D2D discovery and Asynchronous inter-cell D2D discovery are configured
Proposal 2: In the communication test, asynchronous inter-cell D2D communication is configured. 
RX UE timing synchronization Behavior
D2D Discovery
The timing relationship for D2D discovery is tabulated in Table 1. In Table 1, the options marked Yellow is preferable. 
[bookmark: _Ref419767738]Table 1: Rx UE timing synchronization behaviour for D2D discovery
	Operating scenario
	Rx reference timing
	Timing offset assumption

	Intra-cell only
or inter-cell synchronous
	Option 1: Serving cell
	*Option 1: [-CP/2 CP/2]
*Option 2: [0 CP]
*Option 3: [0 2us]

	Inter-cell asynchronous
	Option 1: SLSS on associated synchronization resource
	**Option 1:[-w1 w1]
***Option 1: [-CP/2 CP/2]
***Option 2: [-12Ts 12Ts]

	(*) b/w serving cell DL and D2D TX signal at the D2D RX UE
(**) b/w serving cell DL and SLSS signal at the D2D Rx UE
(***) b/w SLSS signal and D2D discovery signal at the D2D Rx UE



For discovery, eNB may provide signaling discSyncWindow-r12. According to the specification 36.331, “The value w1 denotes 5 milliseconds. The value w2 denotes the length corresponding to normal cyclic prefix divided by 2”. 
According to the specification 36.213, we have:
“the UE may assume that sidelink synchronization signals are transmitted in cell c and that they are recevied within a reference synchronization window of size +/-w1 ms with respect to the sidelink synchronization resource of cell c indicated by higher layers. The sidelink synchronization identity associated with the sidelink synchronization resource is indicated by higher layers.
For PSDCH reception, if cell c is indicated by the parameter neighborCellID and if the parameter discoverySynchWindow is configured with value w2 for cell c, the UE may assume that PSDCH of UE in cell c is received within a reference synchronization window of size +/-w2 ms with respect to the discovery resource of cell c indicated by higher layers. “
Based on the above description, we can see that intra-cell or inter-cell synchronous case, Rx reference timing shall be serving cell and timing offset assumption for (*) shall be [-CP/2, CP/2]. For inter-cell asynchronous case, the timing offset assumption for (**) shall be [-5ms, +5ms]. For the timing offset (***), it is mainly due to the Tx-Rx timing error, according to 36.133, When DL timing is used for D2D transmissions the transmit timing accuracy can be assumed to be equal to the ±12 Ts for BW ≥ 3MHz. Hence, [-12Ts 12Ts] is proper for the timing offset (***). 
Proposal 3: Adopt Table 1 as the reference for the Rx UE timing synchronization behavior for D2D discovery. 
D2D Communication
The timing relationship for D2D Communication is tabulated in Table 2. The following timing is defined for the following discussion:
(*) b/w serving cell DL and D2D TX signal at the D2D RX UE
(**) b/w serving cell DL and SLSS signal at the D2D Rx UE
(***) b/w SLSS signal and D2D communication signal at the D2D Rx UE
In [2], it is proposed to decide UE behavior based on the pool configuration. However, according to RAN 1 and RAN2 specification, UE must support both synchronous case and asynchronous case. There is no any signaling to inform UE whether it is synchronous network or asynchronous network. UE has no idea which behavior should be taken. 
Further, in order to receive OOC UE’s transmission, reception UE must perform the synchronization based on SLSS first, and there is no reliable timing relationship between DL serving cell and SLSS. 
[bookmark: _GoBack]For communication, it is different from discovery. There are several cases where the “sync” assumption between SLSS and serving cell DL is not satisfied. Hence, in order to keep unified UE’s behavior, we propose all the Rx reference timing for PSCCH follows SLSS, the timing offset for (**) is [-20ms 20ms]. Since for Communication mode 1, the TA is signaled. TA value may be larger than CP. Hence, the timing offset for (***) shall be larger than CP, as one example, we can set 2*CP as the TA.  For communication mode 2 or out of coverage, the timing offset for (***) may be smaller, but it is only a special case with TA>=0. In order to use one test case to cover the entire communication mode, TA=2*CP is preferred.  
Proposal 4: RX reference timing for PSCCH is SLSS, and in the test case, the timing offset for (**) is [-20ms 20ms] and the timing offset for (***) is 2*CP. 
D2D Link performance
General setup
· UE RRC state
In some test, such as Communication mode 1 test, UE needs to get the resource based on DCI 5, and in some test, UE needs rely on the DL reference signal to get the reception timing. Hence, Connected DRX state is more suitable. 
· Number of cells to be modeled in the test
For the number of cells to be modeled in the test, there are two options:
Option 1: 1 cell
Option 2: 2 cells
Since the UE reception have less relationship with the second cell. Hence, the second cell is not necessary. Further, to reduce the test complexity, 1 cell model is more preferable. 
· Channel bandwidth is FFS
For the BLER-SNR test, 10MHz can be considered. For the maximum side link processes test, 20MHz is more proper.  
· Soft buffer combining
Discovery
Option 1: define test with 0 HARQ retransmission
Option 2: define test with 3 HARQ retransmission and soft buffer combining
Communication
Define test with soft combining for 3 HARQ retransmissions
For discovery, it is better to define test with 3 HARQ retransmission and soft buffer combining. As discussed in reference sensitivity test, when WAN and discovery is not concurrency, soft combining is mandatory. Hence, it is more reasonable to consider soft combing in the performance test. In the test, since C-DRX is used, it is feasible for UE to perform soft buffer combing both for Discovery and communication.  
· CP length
· Normal CP
· Tx EVM
10% Tx EVM is assumed for side link physical signals/channels
· AGC operation
· Per-TTI AGC
· AGC settling time
· One symbol for QPSK
· FFS symbols for 16QAM
· Channel estimation
· Per-TTI channel estimation
· Antenna configuration
· 1x2 low correlation 
· Propagation channel and Doppler fading models are FFS

BLER-SNR test
In BLER-SNR test, we can have the following test purpose:
· Verify BLER-SNR performance in fading channel for following D2D physical channels
· PSDCH, PSBCH, PSCCH and PSSCH
For th side link options: 
· Option 1: single side link 
· Option 2: multiple side link in different subframes
· Option 3: multiple side link in same subframes
If in the power imbalance test, mutliple link is modelled, AGC dynamic range is verifed and the capabilty to handle the desired signal with large dynamic range is covered, single side link is much simple way. Howerver, if all the above issues are not covered, it is better to consider mulitple side link in the same subframes. 
Power imbalance test
In this test, we can have the following test purpose:
· Verify in-channel selectivity and receiver dynamic range of D2D Rx UE
· Verify the UE handling the signal with large dynamic range. 
The following test parameters can be considered:
· Physical channel
· PSSCH with 25 PRB allocation and MCS is decided based on the signal strength setup. 
· PSDCH with 2 PRB allocaiton and MCS is QPSK. 
Note: With large number of PRBs, it can enlarge the dynamic range. Hence, 25 PRBs are proper choice for the PSSCH configuration. 
· Number of side links transmitted in the same subframe
· 2 links, one link is set as aggressor link and one link is set as the desired link.
· Propagation channel
· Static channel with external noise
· For the desire link, the signal strength can be dynamically switched between two signal strength altenatives. 
· For the aggressor link, the strength can be randomly selected from a plurality of predefined signal strengths. 
With the variant interfernece level of aggressor cell and desired signal level, it can verify the UE the capability to handle the signal with large dynamic range, which is the main challenge for the D2D UE reception. For D2D reception, different from cellular system, since the transmitter’s power contol is based on celluar measurements. Hence, the transmission power may change with very large dynamic range. 
· Timing and frequency offset
· e.g. No timing and frequency offset, timing and frequency offset of intra-cell / inter-cell synchronous discovery is applied for each link
· Power imbalance level between side links

Maximum side link processes test
For this test, we can have the following test purpose
· Verify maximum side link processes, and maximum data rate
For the test cases, the following parameters can be configured: 
· D2D Discovery
· For the UE to support maximum 50 sidelink processes, 50 sidelink processes are configured
· For the UE to support maximum 400 sidelink processes, 400 sidelink processes are configured.
· D2D communication 
· 16 side link processes are configured
· Propagation channel
· Static channel without external noise
· FRC setup
For discovery, FRC defined in Table 1 can be used as reference channel. In order to have maximum side link processes test, 20 MHz bandwidth is proposed. In order to force UE to take maximum memory, 8 resource pools can be configured and maximum number of HARQ transmissions can be set 4. 
[bookmark: _Ref419761836]Table 3: The reference channel for Discovery
	Parameter
	
	Unit

	Channel bandwidth	
	MHz
	20

	Allocated resource blocks
	 
	[2]

	Subcarriers per resource block
	 
	[12]

	Allocated subframes per Discovery period
	 
	[1]

	Modulation
	 
	QPSK

	Transport Block Size
	 
	[224]

	Transport block CRC	
	Bits
	[24]

	Maximum number of HARQ transmissions
	 
	[4]

	Number of pools
	
	8

	Discovery period
	ms
	320

	numRepetition
	
	5

	Binary Channel Bits
	Bits
	[576]

	UE Category
	 
	[≥ 1]



For communication, FRC defined in Table 2 can be used as reference channel. In order to have maximum side link processes and maximum data rates, 16 QAM are considered. When 50 PRBs are configured, the maximum TP size is 36696. However, with 36696, the maximum coding rate will exceed 0.93. It will cause the decoding issue. In order to solve this issue, 24496 bits are selected as the transport block size. These bits are the maximum bits which to keep the coding rate is lower than 0.93. 
[bookmark: _Ref419766322]Table 4: The reference channel for communication
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	20

	Allocated resource blocks
	 
	[50] 

	Subcarriers per resource block
	 
	12

	Packets per SA period
	 
	[TBD]

	Modulation
	 
	[16QAM]

	Transport Block Size
	 
	[24496]

	Transport block CRC	
	Bits
	[24]

	Maximum number of HARQ transmissions
	 
	[4]

	Binary Channel Bits
	Bits
	[26400]

	Number of Reception pools
	
	8

	UE Category
	 
	[≥ 1]



· Timing frequency offset
· Time/freq offset of 0 w.r.t. serving cell timing/frequency at Rx UE
Conclusion
In this paper, we share our view for the D2D demodulation test setup. We have the following proposals:
Proposal 1: In the discovery test, intra-cell D2D discovery and Asynchronous inter-cell D2D discovery are configured
Proposal 2: In the communication test, asynchronous inter-cell D2D communication is configured. 
Proposal 3: Adopt Table 1 as the reference for the Rx UE timing synchronization behavior for D2D discovery.
Proposal 4: RX reference timing for PSCCH is SLSS, and in the test case, the timing offset for (**) is [-20ms 20ms] and the timing offset for (***) is 2*CP. 
There are also some detail proposals on how to set up different test cases, we hope the group can consider these proposals for the final demodulation setup. 
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