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1. Introduction

In this contribution, we further discuss the demodulation performance requirements for D2D discovery and communications. This contribution focusses on proposals on demodulation performance requirements required for D2D, and the specific details on the simulation assumption are presented in our companion paper R4-151872.
This contribution is organized as follows: 
· Section 2 provides the framework proposal for D2D demodulation performance requirements

· Section 3 presents some general consideration for the demodulation performance requirements and tests

· Section 4 discusses the details of Single D2D Link requirements

· Section 5 discusses the details of Multiple D2D link requirements

2. D2D demodulation performance requirements
In this section, we attempt to identify a framework to define the D2D demodulation performance requirements. From the WF R4-147884, and the discussion papers [3], [4], [5], [6], proposals for demodulation performance requirements have been made for the following scenarios:

· Single D2D Link

· Multiple D2D Links

· Impact on WAN demodulation

In our view, it is useful to identify the purpose of the each of the tests as follows:

Single D2D Link: Demodulation performance requirement with a single D2D link can be used to verify the BLER vs. SINR performance of the UEs receiver implementation in fading channels. The performance can be checked with appropriate modeling of the various impairments (e.g., time / frequency offsets between D2D Tx and Rx UEs) and operating conditions (e.g., Rx UE adjusting timing based on Tx UE, etc.). 

For single D2D link demodulation performance tests, we note that the attempt should abstract all the possible operating scenarios (e.g., intra-cell, inter-cell, OOC, etc. as in [3], [6]) into the resulting impairments w.r.t. time/frequency errors at the receiver. Then it does not matter what actual scenario in which the test is conducted (e.g., Type 1 discovery or Type 2 discovery), as long as the impairments and the Rx behavior is the same or is the worst-case experienced by the Rx UE. This was also pointed out in [3].
We propose that RAN4 should prioritize the demodulation performance requirement for Single D2D links, identifying all the simulation assumptions and aligning the simulation results.
Multiple D2D Links: There has limited discussion for demodulation performance requirements for multiple D2D links. In our view, once the single D2D link performance has been verified, the purpose of the multiple D2D links performance requirements can be two-fold:

· To verify the in-channel selectivity (AGC dynamic range / AGC operation)

· To verify the maximum number of Sidelink processes that the D2D UE is required to support.

In either case, the test purpose is similar to sustained data rate tests, and hence the requirement need to be tested at high SNR and under AWGN channel conditions (without any external noise). Further the requirements with multiple D2D links need to be verified only for PSDCH (for discovery) and PSSCH (for communications, PSCCH is implicitly verified).
It is also noted that the UE will use only one FFT window to receive all the links (Sidelink processes) [RAN1 LS R1-145294]. Hence time/frequency offsets between the multiple links should not be introduced as it will interfere with the test purpose of these SDR-like tests. The UE behavior for time/frequency offset handling is already verified in the single link performance requirements.
A brief discussion for multiple D2D links is first presented below, and further details are then discussed in the later sections of this paper.
In-channel selectivity: For the purpose of verifying the in-channel selectivity performance, two D2D links are sufficient. This is because the performance is dominated by the power imbalance between the strongest and the weakest link, which is the purpose of the test. Thus two links are sufficient to verify the in-channel selectivity performance without complicating the test setup.

As discussed in [5], the maximum power imbalance the UE should support can be derived from in-band emission requirements. This is because the link performance depends on the combined effect of the Tx in-band emissions and the Rx in-channel selectivity. Thus having Rx in-channel selectivity higher than Tx in-band emissions level does not help the link performance as the in-band emission from the Tx will start dominating. 

Maximum Sidelink processes: For D2D communication, the maximum number of HARQ processes the UE has to support is fixed to 16. For D2D discovery, the maximum number of HARQ processes the UE has to support is either 50 or 400, and is indicated using the IE (discSupportedProc) in UE capability information. 
This is same as SDR tests, but setting up the test is a bit more involved. For example, to verify 400 HARQ processes in 10MHz channel bandwidth will require 8 discovery pools (at minimum for 10MHz) interleaved at subframe level with retransmission configured. This becomes further involved for D2D communications due to restrictions on T-RPT to enable the interleaving between the pools. 
Since the purpose of the test is to verify the L1/L2 implementation in terms of handling the maximum number of Sidelink processes, test should be setup without any timing / frequency offsets and constant PSD within the channel BW. These factors are already verified in the other tests (single link and two-link tests).
Impact on WAN demodulation: In the WF R4-147884, it was agreed that RAN4 can consider is tests are required to verify the impact to WAN demodulation performance. The intended purpose is to verify the UE prioritized WAN UL / DL over D2D Tx/Rx, and also prioritizes the use of soft-buffer for WAN in case of conflict with D2D. 

We also emphasize that RRM core requirements for D2D have also been agreed, that include requirements on the allowed interruption to WAN due to D2D. Thus the ‘no-impact to WAN’ also needs to account for the allowed interruptions to WAN as agreed in the RRM core requirements.
Given the RRM requirement on allowed interruptions, we have proposed RRM tests in our companion papers R4-151868 and R4-151869 that will verify that the UE prioritizes WAN over D2D in case on conflict (either due to receiver chains, or due to soft buffer sharing, etc.). The only difference in the RRM test case vs. Demod test case will then be the test metric – either less than X% of missed ACK/NACKs (for RRM test cases), or than Y% of throughput degradation due to those missed ACK/NACKs (for demod test cases). Given that interruptions have been defined for RRM core requirements, we propose the Impact to WAN be also verified as a part of the RRM test cases, and not duplicate the effort by defining a demod test case. 
Proposal 1:RAN4 to define demodulation performance requirements for:
	Classification

	Test purpose
	D2D channels
	Comments

	Single D2D Link
	Verify BLER-SNR performance in fading channels
	PSDCH, PSSCH, PSCCH, PSBCH
	

	Two D2D links
	Verify in-channel selectivity performance of UE
	PSDCH, PSSCH
	SDR-like with power imbalance b/w the two links. No time/frequency offsets.

	Maximum Sidelink processes
	Verify maximum number of sidelink processes as reported by the UE
	PSDCH, PSSCH
	SDR-like w/o power imbalance or time/frequency offsets.


Proposal 2: RAN4 to prioritize work for defining demodulation performance requirements for Single D2D Link, including agreeing on simulation assumptions and aligning simulation results.

Observation 1: Test to verify impact to WAN demodulation will have to be defined in light of RRM requirements on allowed interruptions for D2D, and is better handled as RRM test case.
3. Considerations on D2D performance tests
In this section, we present some general considerations testing D2D demodulation performance requirements.
3.1. UE RRC state / IDLE and C-DRX configurations
The UE participating in discovery or communication is required (in general) to prioritize WAN over D2D in case of a conflict, e.g., WAN Tx over D2D Tx/Rx, WAN RRM procedures over D2D Tx/Rx, no-interruption to paging, etc. This presents a challenge in setting up a test to verity the D2D performance, since it may choose to skip D2D operation in favor of fulfilling legacy WAN procedures / requirements. 

This is particularly true for D2D discovery wherein the UE may not be able to simultaneous receive on the UL and DL of an FDD spectrum. Even with spare receiver chain, e.g., for D2D communication, interleaved WAN and D2D (e.g., [6]) may still lead to conflict w.r.t. soft-buffer sharing that is left up to UE implementation. Thus UE may choose to drop soft-combining for D2D if favor of WAN reception.
Due to the above reasons, D2D performance testing is possible only in Idle and C-DRX states such that D2D occurs during the DRX OFF period and is sufficiently orthogonal to the ON period. For D2D discovery, even if the aforesaid conditions are met, the UE may still skip D2D reception in favor of WAN procedures. However, the effort is to find an Idle/C-DRX configuration wherein the UE is expected to do so rarely (that can be accommodated as a test tolerance). 
In our companion paper R4-151867, we present further discussion on this aspect and propose Idle/C-DRX configuration that can be used for D2D performance tests.
Observation 2:  D2D performance testing is possible only in Idle and C-DRX states such that D2D occurs during the DRX OFF period and is sufficiently orthogonal to the ON period. Further discussion on Idle/C-DRX configurations is presented in R4-151867.
3.2. Channel BWs

For D2D discovery, channel bandwidths of 5MHz, 10 MHz, 15 MHz, and 20MHz are supported in Rel-12. There is only one supported RMC for D2D discovery (232 transport block size, fixed MCS, mapped to 2RBs) and the performance is independent of the channel BW. For all the bands that support D2D discovery in Rel-12, 10MHz channel bandwidth is supported on all the bands except for B31 where 5MHz is the maximum channel BW supported.

We can thus specify the demodulation performance requirements for D2D discovery for 5/10 MHz channel BWs.

For D2D communications, 5MHz and 10 MHz are the only channel BWs supported in Rel-12. D2D communication on B31 is supported only on 5MHz.
We can thus specify the demodulation performance requirements for D2D communications for 5/10 MHz channel BWs.

Observation 3: D2D demodulation performance requirements for D2D discovery and communication can be specified 5 MHz and 10 MHz channel bandwidth.

3.3. Testing D2D demodulation performance requirements
There is no physical layer feedback for the data-carrying D2D channels (PSDCH, PSSCH, PSBCH). It is thus expected that RAN5 will define test loop functionality (similar to test loop mode C for MBMS) to measure the physical layer performance of D2D physical channels. 
As a background, for MBMS, TS 36.509 defines a UE test loop mode C wherein the UE count the number of MTCH packets received and reports it to the test system at the end of the test (with request and response signaling for the counter value). In our view, similar UE functionality can be specified in RAN5 specs (TS 36.509) where the UE is expected to keep the counter of the successful packets received for discovery (PSDCH) and communication (PSSCH).

However, there are some differences w.r.t. MTCH (for MBMS) that may present some challenges. While this is up to RAN5 discussion, we briefly present some discussion based on our preliminary thinking. The key difference is protocol stack for the different D2D physical channels. For comparison, note that MBMS packets are delivered from PDCP layer to the IP layer. In contrast, the L1/L2 stack for the difference physical channels is shown in Figure 1.
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Figure 1: L1/L2 stack for reception of different D2D physical channels
From the figure, we make the following observations

· PSSCH goes up to PDCP (similar to MBMS) [ PSSCH (physical) – SL-SCH (transport) – STCH (logical)]

· PSDCH goes up to MAC (and is sent to ProSe protocol) [ PSDCH (physical) – SL-DCH (transport)]

· PSCCH is consumed in PHY [ no corresponding transport channel]

· PSBCH is consumed in RRC (control plane) [PSBCH (physical) – SL-BCH (transport) – SBCCH (logical)]

For PSBCH, we note that the processing flow is exactly the same as PBCH for which performance tests are defined. Note that PBCH reception is implicitly checked in all UE receiver tests (RRM or Demod), and even the BLER-SINR performance is implicitly checked in many RRM tests. The same hold true for PSBCH – for example, for SyncRef UE selection /reselection, the UE is required to decode PSBCH to evaluate the priority of the SyncRef UE and will implicitly get checked in the RRM test.

For PSCCH, it’s consumed in PHY (L1) and does not have a corresponding transport block. Further, unlike PSDCH and PSSCH, this carries control information and it cannot be solely terminated it in the test loop function during testing.
We however propose that RAN4 can define the demodulation performance for all channels, and can later evaluate which channels can / cannot be tested (similar to PBCH). 
Proposal 3: RAN4 can define the demodulation performance requirements for all D2D physical channels. 

NOTE: It may not be possible to test the performance of some of physical channels, and the test loop function definition is up to RAN5.
Observation 4: RAN4 can make the following assumptions with regard to testing the D2D demodulation performance requirements
· For PSDCH and PSSCH, it is assumed that the L1/L2 performance can be measured

· For PSSCH, it is preferred if L1/L2 performance can be measured, but should not affect the normal UE operation
· For PSBCH, demodulation performance tests may not be required (identical to PBCH). This channel will be implicitly checked in RRM test. 

4. Single link performance requirements

In this section, we propose the performance requirements for the single D2D link case.

Similar to our earlier proposal in [5], the following proposal is made:

Proposal 4: Demodulation performance requirements can be specified for new physical layer channels as shown below.

Table 1: Demodulation performance requirements with Single D2D link
	D2D Mode
	Test
	Channel
	Bandwidth
	Modulation, TCR
	Propagation Channel

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

	Communications
	2
	PSSCH
	5, 10 MHz
	16QAM, TCR 1/2
(D.1-1 and D.1-2)
	EVA70

	
	3
	PSCCH
	
	QPSK (SA message)
	EVA70

	
	4
	PSBCH
	
	QPSK (synch message)
	EPA5


Note: D.1-1 and D.1-2 are the reference measurement channels as proposed in R4-151872.
We also note that in the WF R4-147884, it was left FFS if demodulation performance requirement for PDCCH DCI Format 5 is required. Since DCI format 5 is identical to DCI format 0 in size and search space, demodulation performance test for DCI format 5 is not required.

Proposal 5: Demodulation performance tests for PDCCH DCI format 5 is not required.
The simulation assumptions (including time/frequency error between the Tx and Rx UEs) required to define the demodulation performance requirements with single D2D link are discussed in our companion paper R4-151872. The simulation assumption abstract out the operating cases (e.g., Type 1 or Type 2 discovery is the same w.r.t. the demodulation performance at the Rx UE).

Further, for PSDCH and PSSCH, we note the following cases in which the Rx UE needs to adjust the reception timing:
· For PDSCH, in asynchronous inter-cell reception, the discovery resources from the neighbor cell are signaled by the serving eNodeB along with the discSyncWindow configured as w1 (=5ms). The UE is then expected to acquire the timing using the SLSS transmitted by the D2D UEs in the neighboring cell.

Note that this is applicable only for Discovery UEs that also support SLSS Tx/Rx (indicated using disc-SLSS). 

· For PSSCH, when receiving from a Tx UE that is transmitting Mode 1 data, the Tx UE uses its UL timing and transmits the TA in the SA. The Rx UE is then expected to apply the TA received in the SA for data reception. 

For PSDCH, the demodulation requirements can then be tested for synchronous and asynchronous discovery. It should be emphasized, however, that the test setup for asynchronous discovery should ensure that latency requirements for SLSS search from neighbor cell is provided. Furthermore, the UE may take a few discovery periods to acquire the neighbor cell timing from the SLSS (e.g., due to AGC training). Hence for asynchronous discovery, the test setup should ensure:
· Separation of SLSS subframe and discovery subframe is greater than latency requirement for the UE to complete SLSS search procedure

· Two or more discovery periods maybe required by the UE to successfully search for the SLSS being transmitted from the UEs in the neighbor cell.
For PSSCH, the demodulation performance can be tested with TA = 0 and TA > 0 in the SA.
Proposal 6: For PSDCH, additionally verifying the demodulation performance requirements for asynchronous inter-cell discovery reception can be considered. Test setup will be required to ensure that the SLSS search latencies are met.
Proposal 7: For PSSCH, verifying the demodulation performance requirements with TA = 0 and TA > 0 in the SA can be considered.

5. Multiple links performance requirements

In this section, we further discuss the demodulation performance requirements with multiple D2D links.
5.1. Two D2D links (In-channel selectivity)
As outlined in Section 2, the purpose of the test with two D2D links can be used to verify the in-channel selectivity performance of the receiver. 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.

Note that while the in-band emissions specifications are used to derive the in-channel selectivity requirements at the receiver, in the actual test the test equipment should ensure that the in-band emissions are far below (ideally absent) the in-channel selectivity requirements being tested. This is to ensure that we indeed test the receiver in-channel selectivity. 

For PSDCH and PSSCH, we propose two-link demodulation performance test can be introduced with both the links active in the same subframe, with both UE’s transmitting on 2 RBs adjacent to each other (and not on/around the DC RBs) without any time/frequency offsets. Further the in-channel selectivity performance is tested in an SDR-like test (high SNR for both links, AWGN channel conditions, no external noise added).

The in-channel selectivity requirements can then be derived using Section 6.5.2.3.1 in TS36.101, as 
IBE_adj1+2 = 10log10( 10^((20.log10(0.175) – 3 )/10)  + 10^((20.log10(0.175) – 3 – 5 / 2)/10)) -3= -19.2dBc
Observation 5: For in-channel selectivity performance, the power imbalance between the two links (2RBs each, adjacent RBs, non-overlapping with DC RBs) can be derived as 19.2dB using the UE in-band emission requirements.

Proposal 8: For in-channel selectivity performance of PSDCH/PSSCH with two D2D links, the power imbalance between the two links should be set same as the UE IBE requirements.
5.2. Maximum Sidelink processes
As discussed in Section 2, SDR-like tests can be introduced to verify the maximum number of sidelink processes supported by the UE (as per specification or capability information). In the following subsections, we briefly illustrate how the test can be setup such that the UE sees the maximum number of sidelink processes.
For ease of illustration, test setup for only 10MHz channel bandwidth is presented in the following subsections. For 5 MHz, similar methodology can be used
5.2.1. D2D Discovery with discSupportedProc = 50
For 10 MHz channel bandwidth, this can be setup as shown in Figure 2. 
· Two resource pools (synchronous) with 4 subframes per pool and interleaved as shown in the figure below.
· For pool 1, discoverySubfrmeBitmap = “1 0 1 0 1 0 1 0 | 0 0 0 0 … ”
· For pool 2, discoverySubfrmeBitmap = “0 1 0 1 0 1 0 1 | 0 0 0 0 … “
· startPRB = 0, endPRB = 0, numPRB = 25
· 25 UEs per pool with 3 HARQ retransmissions
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Figure 2: Illustration of test setup for verifying maximum Sidelink processes for discovery
5.2.2. D2D Discovery with discSupportedProc = 400
For 10 MHz channel bandwidth, this can be setup similar to Figure 2, but with 16 pools instead of 2 as shown above. Note that 400 sidelink processes cannot be supported with 5MHz. 
5.2.3. D2D Communication
For 10 MHz channel bandwidth, this can be setup as shown in Figure 3. 

· One data resource pool with 16 UEs, each UE transmitting on 25 RBs each
· UE1, UE2   : T-RPT = “1 0 0 0 0 0 0 0”

· UE3, UE4   : T-RPT = “0 1 0 0 0 0 0 0”

· …

· UE15, UE16: T-RPT = “0 0 0 0 0 0 0 1” 

· RMC: D.3-2 specified in R4-151872
· startPRB = 0, endPRB = 0, numPRB = 25
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Figure 3: Illustration of test setup for verifying maximum Sidelink processes for communication
Observation 6: Test setup required to verify the maximum number of Sidelink processes is illustrated in Figure 2 (discovery) and Figure 3 (communication).
6. Conclusions

In this paper, we presented our proposals on D2D demodulation performance requirements.
(Demodulation Performance requirements – Framework)

Proposal 1:RAN4 to define demodulation performance requirements for:

	Classification

	Test purpose
	D2D channels
	Comments

	Single D2D Link
	Verify BLER-SNR performance in fading channels
	PSDCH, PSSCH, PSCCH, PSBCH
	

	Two D2D links
	Verify in-channel selectivity performance of UE
	PSDCH, PSSCH
	SDR-like with power imbalance b/w the two links. No time/frequency offsets.

	Maximum Sidelink processes
	Verify maximum number of sidelink processes as reported by the UE
	PSDCH, PSSCH
	SDR-like w/o power imbalance or time/frequency offsets.


Proposal 2: RAN4 to prioritize work for defining demodulation performance requirements for Single D2D Link, including agreeing on simulation assumptions and aligning simulation results.

Observation 1: Test to verify impact to WAN demodulation will have to be defined in light of RRM requirements on allowed interruptions for D2D, and is better handled as RRM test case.

(General considerations)

Observation 2:  D2D performance testing is possible only in Idle and C-DRX states such that D2D occurs during the DRX OFF period and is sufficiently orthogonal to the ON period. Further discussion on Idle/C-DRX configurations is presented in R4-151867.

Observation 3: D2D demodulation performance requirements for D2D discovery and communication can be specified 5 MHz and 10 MHz channel bandwidth.

Proposal 3: RAN4 can define the demodulation performance requirements for all D2D physical channels. 

NOTE: It may not be possible to test the performance of some of physical channels, and the test loop function definition is up to RAN5.

Observation 4: RAN4 can make the following assumptions with regard to testing the D2D demodulation performance requirements

· For PSDCH and PSSCH, it is assumed that the L1/L2 performance can be measured

· For PSSCH, it is preferred if L1/L2 performance can be measured, but should not affect the normal UE operation

· For PSBCH, demodulation performance tests may not be required (identical to PBCH). This channel will be implicitly checked in RRM test. 

(Single Link demodulation performance requirements)

Proposal 4: Demodulation performance requirements can be specified for new physical layer channels as shown below.

Table 1: Demodulation performance requirements with Single D2D link

	D2D Mode
	Test
	Channel
	Bandwidth
	Modulation, TCR
	Propagation Channel

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

	Communications
	2
	PSSCH
	5, 10 MHz
	16QAM, TCR 1/2
(D.1-1 and D.1-2)
	EVA70

	
	3
	PSCCH
	
	QPSK (SA message)
	EVA70

	
	4
	PSBCH
	
	QPSK (synch message)
	EPA5


Note: D.1-1 and D.1-2 are the reference measurement channels as proposed in R4-151872.

We also note that in the WF R4-147884, it was left FFS if demodulation performance requirement for PDCCH DCI Format 5 is required. Since DCI format 5 is identical to DCI format 0 in size and search space, demodulation performance test for DCI format 5 is not required.

Proposal 5: Demodulation performance tests for PDCCH DCI format 5 is not required.
Proposal 6: For PSDCH, additionally verifying the demodulation performance requirements for asynchronous inter-cell discovery reception can be considered. Test setup will be required to ensure that the SLSS search latencies are met.

Proposal 7: For PSSCH, verifying the demodulation performance requirements with TA = 0 and TA > 0 in the SA can be considered.

(Two Links – In-channel selectivity requirements)

Proposal 8: For in-channel selectivity performance of PSDCH/PSSCH with two D2D links, the power imbalance between the two links should be set same as the UE IBE requirements.

Observation 5: For in-channel selectivity performance, the power imbalance between the two links (2RBs each, adjacent RBs, non-overlapping with DC RBs) can be derived as 19.2dB using the UE in-band emission requirements.

(Multiple Links – Maximum number of Sidelink processes)

Observation 6: Test setup required to verify the maximum number of Sidelink processes is illustrated in Figure 2 (discovery) and Figure 3 (communication).
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8. 
Appendix: Summary of D2D physical channels

Table 2 is a summary of the D2D physical channels.

Table 2: 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)
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