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1. Introduction

In RAN#73, a way forward for D2D demodulation performance requirements was agreed in R4-147884. In this contribution, we further discuss the demodulation performance requirements for D2D discovery and communications.
 This contribution is organized as follows:
· Section 2 provides an overview of the D2D demodulation performance work required in RAN4

· Section 3 provides a discussion on the aspects identified in the WF R4-147884

· Section 4 provides the details on the test/simulation considerations

2. Summary of D2D physical layer channels
Table 1 below presents a high-level summary of D2D physical layer channels, updating the summary presented in our prior contribution R4-146983 based on the updates in RAN1 agreements.
Table 1: Summary of D2D physical channels.

	D2D Physical Channels and Signals
	Info Bits
	CRC Size
	Coding
	Modulation
	PRBs
	HARQ ReTx

	Discovery
	PSDCH
	232
	24
	Rel-8 TC
	QPSK
	2
	Configurable b/w 0,1,2,3.
RV:{0,2,3,1}

	Communications
	PSCCH
	32 (1.4 Mhz)

34 (3 Mhz)

34 (5 Mhz)

38 (10 Mhz)

39 (15 Mhz)

40 (20 Mhz)
	16
	Rel-8 TBCC
	QPSK
	1
	2

RV:{0,0}

	
	PSSCH
	All valid per Sec. 7.1.7.2.1 of TS 36.213
	24
	Rel-8 TC
	QPSK, 16QAM
	All valid PUSCH mappings
	4

RV:{0,2,3,1}

	Synchronization
	PSBCH
	48 (Note 1)
	16
	Rel-8 TBCC
	QPSK
	6 (central)
	N/A

	Legend:


PSDCH:

Physical Sidelink Discovery Channel


PSCCH: 

Physical Sidelink Control Channel


PSSCH:

Physical Sidelink Shared Channel


PSBCH:

Physical Sidelink Broadcast Channel 


Note 1:
May decrease to 40 [R1-150459].

3. Discussion topics from WF in R4-147884
In this section, we discuss the aspects highlighted in the WF R4-147884 that RAN4 should consider.
D2D channel for which demodulation performance shall be considered:
In our view, the demodulation performance requirements should be defined for the new physical layer channels:

· Discovery: PSDCH

· Communications: PSSCH, PSCCH, PSBCH
It was left FFS if demodulation performance requirement for PDCCH DCI Format 5 is required. DCI format 5 is identical to DCI format 0 in size and search space. Hence from a physical layer perspective, PDCCH DCI format 0 and format 5 are identical and differ only in way the bits are interpreted. Further, currently PDCCH demodulation performance test are not defined for all the different DCI formats 0 through 4.

Hence demodulation performance test for DCI format 5 is not required. It should be noted that the functional aspect of the UE receiving PDCCH DCI format 5 and then transmitting D2D signals on the allocated resource in PDCCH can be tested as a part of protocol / functionality test in RAN5, and is up to RAN5 discussion.

Proposal 1: Demodulation performance requirements can be specified for new physical layer channels as shown below.
Table 2: Test cases for D2D demodulation performance

	D2D Mode
	Test
	Channel
	Bandwidth
	Modulation, TCR
	Propagation Channel

	Discovery 
	1
	PSDCH
	5, 10, 15, 20 MHz
	QPSK (discovery message)
	EPA5

	Communications
	2
	PSSCH
	5, 10 MHz
	16QAM, TCR 1/2
	EVA70

	
	3
	PSCCH
	
	QPSK (SA message)
	EVA70

	
	4
	PSBCH
	
	QPSK (synch message)
	EPA5


Performance test to verify no WAN demodulation performance impacts:
In last RAN4 meeting, it was proposed to consider performance tests to verify no WAN demodulation performance impacts when D2D discovery and/or D2D communications (pending agreements in RAN1) are ongoing. The discussion in the last meeting was considering the impact could be due to receiver switching from DL reception to D2D reception for D2D discovery, and prioritization of UL transmissions over D2D transmission and reception.

D2D Discovery: In the last meeting, RAN2 decided to restrict D2D discovery in Idle and Connected DRX periods only for a UE that does not have a spare receiver chain to receive D2D. Hence there is no impact to WAN performance by design, and there is no need to verify the same. 

Even for UEs with a spare receiver chain, there is no signaling between the UE and eNodeB to indicate if the UE that supports D2D discovery also supports simultaneous WAN reception or not. Thus, it would be infeasible to have a performance test to verify no WAN impacts without distinguishing what UEs can or cannot be tested.

Proposal 2: Performance tests to verify no WAN demodulation performance impact for D2D Discovery are not required.
D2D Communications: The baseline UE assumption for D2D communications is that the UE supports simultaneous reception on the UL and DL, i.e., it may receive D2D and WAN DL at the same time, if no UL transmissions are scheduled at that instant.

For D2D communications, the benefit of having a performance test to verify no impact to WAN demodulation performance is however not clear. In particular, it is not clear if a ‘new’ performance test is required, or an existing performance test can be done with D2D communications also configured. In the latter case, it can be further discussed if any RAN4 work is required.

Proposal 3:  Further discuss the need for performance tests to verify no WAN demodulation performance impact for D2D communications.

Maximum number of D2D links:

First, we propose that RAN4 should prioritize the demodulation performance requirements of the D2D channels identified in Proposal 1 for a single D2D link.

On testing more than one D2D link, we propose that RAN4 could consider up to 2 independent links. The reason is that this test will serve to test the UE for the receiver/AGC dynamic range when receiving two (or more) D2D signals with different power levels. This is similar to intra-band NC demodulation test that was recently discussed in RAN4, but with difference imbalance requirements since the two D2D links being received are in-channel.

The imbalance between the two D2D links can be derived from the in-band emissions requirement. Figure below depicts the receiver UE that is receiving D2D signals from two links (1 and 2). 
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The link 1 will affect the reception of link 2 due to the following two factors:

a) Due to in-band emissions from link 1. These are Tx emissions from link 1 UE with the emissions limits specified in TS 36.101 (Section 6.5.2.3)

b) Due to receiver AGC dynamic range and receiver in-channel selectivity performance.

Thus having an imbalance between Link 1 and Link 2 greater than the IBE level of Link 1 does not benefit with the overall link performance for Link 2 since it will continue to be dominated by the in-band emissions floor of Link 1. In other words, receiver selectivity requirement should be of the same order of the in-band emissions, e.g., 3dB higher than in-band emissions requirements can be used.
This observation is consistent with the in-channel selectivity requirements for the base station in TS36.104 Section 7.4. Taking the example of wide band BS, the in-channel selectivity requirements for 10 MHz channel are as follows:
Table 3: Excerpt from Table 7.4.1-1 Wide Area BS in-channel selectivity [TS 36.104]

	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	10
	A1-3 in Annex A.1
	-98.5
	-77
	10 MHz E-UTRA signal, 25 RBs

	Note*: 
Wanted and interfering signal are placed adjacently around Fc
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21.5
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The table below compares the IBE from UE and the in-channel selectivity requirements of the eNodeB for all channel BWs. It can be seen that the IBE requirements from the UE and the in-channel selectivity requirements of the eNodeB are consistent. 
Table 4: Comparing wide area eNodeB in-channel selectivity requirements with UE in-band emissions requirements
	Channel BW
	IBE from interfering signal (dBc)
	Imbalance between interfering and wanted signal (dB)

	1.4 MHz
	19.59
	19.9

	3.0 MHz
	18.82
	18.1

	5.0 MHz
	18.67
	19

	10 MHz
	19.25
	21.5

	15 MHz
	19.25
	21.5

	20 MHz
	19.25
	21.5


Note that since the purpose of the test is to check the requirements for receiver in-channel selectivity, the test equipment should ensure that the in-band emissions from the two links are at a very low level and is not dominating the receiver performance during this test. 
Hence, based on the above discussion, the following proposals are made:

Proposal 4: Prioritize the demodulation performance requirements of the D2D channels identified in Proposal 1 for a single D2D link.

Proposal 5: Consider performance demodulation test for one of the D2D channels with up to two independent links. The power imbalance between the two links can be derived from UE in-band emission requirements. 
4. Test / simulation parameters

In our prior contribution R4-146983, we presented a discussion on the various test/simulation parameters for D2D demodulation performance. In the following discussion, we summarize the proposals in R4-146983 and present some further discussion on a few aspects. 

RRC State / WAN-D2D concurrency:
D2D Discovery: As mentioned in the previous section, RAN2 has agreed that UEs without spare receiver chain can perform D2D Discovery only in Idle of Connected DRX occasions. Further, there is no signaling between UE and the eNodeB to indicate the UE’s capability for simultaneous reception on DL (for WAN) and UL (D2D). Hence D2D Discovery performance can be tested only in Idle or Connected DRx states. It is hence proposed that it should be done in RRC_IDLE state. 

D2D Communications: Reiterating the discussion from R4-146983, since WAN is prioritized over D2D in many aspects (WAN Tx over D2D, WAN RRM over D2D, soft-buffer management), D2D performance demodulation requirements can possibly be tested only in RRC_IDLE state (or Connected DRx occasions) while ensuring no concurrency with WAN. No concurrency with WAN should be ensured in the test procedure (e.g., paging occasions should not collide with D2D occasions, ensure cell reselection procedures do not affect D2D, etc.).

It is hence proposed that D2D demodulation performance requirements be tested in RRC_IDLE for both D2D discovery and D2D communications. Further, no concurrency with WAN should be ensured in the test procedure (e.g., paging occasions should not collide with D2D occasions, ensure cell reselection procedures do not affect D2D, etc.).

HARQ retransmissions and Soft combining: In the legacy requirements, the D2D Rx characteristics are tested with RMC without HARQ retransmissions (Section A.3.2 of TS 36.101) and correspondingly the throughput checkpoint is 95%. Demodulation performance requirements use reference channels with maximum HARQ retransmissions of four (e.g., Section 8.2 of TS36.101). Similar methodology can be adopted for D2D.

For D2D transmissions, blind HARQ transmissions are supported. For D2D discovery, the number of blind HARQ retransmissions is configurable between 0, 1, 2, or 3. For D2D communications, the number of blind HARQ retransmissions is fixed to 4. Thus for the purpose of RF Rx characteristics, the number of blind HARQ retransmissions for D2D discovery can be configured to 0. For demodulation performance test, HARQ retransmissions can be configured, but further discussion on soft-combining is required.

For soft-combining of HARQ retransmissions, RAN1 has informed RAN4 of its agreements in the LS [R1- 144523]. From the LS, we note the following agreements with regard to soft-combining:
· Soft-buffer management is up to UE implementation. Based on UE implementation of soft buffer, the UE may either prioritize PDSCH reception over D2D discovery reception, or discovery message may not be combined.
· Soft-combing of D2D discovery message cannot be assumed when the UE’s soft-buffer is also being used for PDSCH reception. Moreover, UE may drop discovery reception altogether in that case.
· Joint channel estimation for D2D discovery retransmissions should not be assumed.
From the above, we propose the following for RAN4 demodulation performance tests:

For D2D discovery

· No minimum requirements with soft-combining of D2D discovery message

For D2D communications
· It can likely be assumed that the UE is capable of soft-combining of communications channels (SA and data).
Time and Frequency error
For demodulation performance tests, a maximum timing and frequency errors of ±1us and ±200Hz can be used. The timing error of ±1us is proposed using an example configuration where the FFT window is placed in the center of the CP and hence 1us timing error + delay spread is still within CP / 2. For frequency error ±200Hz corresponds to ±0.1ppm frequency error requirement for UE transmissions for 2GHz carrier frequency.
Summary

Proposal 6: Table 5 proposes the test/simulation parameters for D2D demodulation performance requirements.

Table 5: Summary of proposals on test/simulation parameters for D2D

	D2D Test/Simulation parameter
	Proposals

	AGC settling time
(not used for demodulation) 
	QPSK: 1 symbol

16QAM: [2] symbols

	Tx EVM
	10%

	UE RRC state
	RRC_IDLE

No concurrency between D2D and WAN should be ensured in the test procedure (e.g., paging occasions should not collide with D2D occasions, ensure cell reselection procedures do not affect D2D, etc.).

	Propagation channel
	Discovery: EPA5

Communications: EPA5, EVA70 

1x2 low antenna correlation

	Doppler spectrum
	Classical Jakes

	Timing error w.r.t. eNodeB DL
(for both D2D Tx and Rx UE)
	 [±1us]

	Frequency error w.r.t. eNodeB UL
(for both D2D Tx and Rx UE)
	[±200Hz]

	HARQ retransmissions
	Discovery: 0

Communications 3

	Soft-combining 
	Option 1: No minimum requirements with soft-combining for D2D

Option 2: Assume UE capable of soft-combining in RRC_IDLE (along with test procedure constraints to ensure no D2D-WAN concurrency)

For D2D discovery: Option 1

For D2D communications: Option 2
Note: Joint-channel estimation over HARQ retransmission is not performed.

	Performance metric
	Throughput


5. Conclusions

In this paper, we present our proposals on D2D performance requirements.
(D2D demodulation performance – single link)

Proposal 1: Demodulation performance requirements can be specified for new physical layer channels as shown below.

Table 6: Test cases for D2D demodulation performance

	D2D Mode
	Test
	Channel
	Bandwidth
	Modulation, TCR
	Propagation Channel

	Discovery 
	1
	PSDCH
	5, 10, 15, 20 MHz
	QPSK (discovery message)
	EPA5

	Communications
	2
	PSSCH
	5, 10 MHz
	16QAM, TCR 1/2
	EVA70

	
	3
	PSCCH
	
	QPSK (SA message)
	EVA70

	
	4
	PSBCH
	
	QPSK (synch message)
	EPA5


(Performance test to verify no WAN impact)

Proposal 2: Performance tests to verify no WAN demodulation performance impact for D2D Discovery are not required.
Proposal 3:  Further discuss the need for performance tests to verify no WAN demodulation performance impact for D2D communications.

(Multiple D2D links)
Proposal 4: Prioritize the demodulation performance requirements of the D2D channels identified in Proposal 1 for a single D2D link.

Proposal 5: Consider performance demodulation test for one of the D2D channels with up to two independent links. The power imbalance between the two links can be derived from UE in-band emission requirements. 
(Test/Simulation parameters)
Proposal 6: Table below proposes the test/simulation parameters for D2D demodulation performance requirements.

Table 7: Summary of proposals on test/simulation parameters for D2D

	D2D Test/Simulation parameter
	Proposals

	AGC settling time
(not used for demodulation) 
	QPSK: 1 symbol

16QAM: [2] symbols

	Tx EVM
	10%

	UE RRC state
	RRC_IDLE

No concurrency between D2D and WAN should be ensured in the test procedure (e.g., paging occasions should not collide with D2D occasions, ensure cell reselection procedures do not affect D2D, etc.).

	Propagation channel
	Discovery: EPA5

Communications: EPA5, EVA70 

1x2 low antenna correlation

	Doppler spectrum
	Classical Jakes

	Timing error w.r.t. eNodeB DL
(for both D2D Tx and Rx UE)
	 [±1us]

	Frequency error w.r.t. eNodeB UL
(for both D2D Tx and Rx UE)
	[±200Hz]

	HARQ retransmissions
	Discovery: 0

Communications 3

	Soft-combining 
	Option 1: No minimum requirements with soft-combining for D2D

Option 2: Assume UE capable of soft-combining in RRC_IDLE (along with test procedure constraints to ensure no D2D-WAN concurrency)

For D2D discovery: Option 1

For D2D communications: Option 2

Note: Joint-channel estimation over HARQ retransmission is not performed.

	Performance metric
	Throughput
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