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1. Introduction

In our companion paper R4-151871, we discuss the demodulation performance requirements for D2D discovery and communications. In particular, it is proposed that RAN4 may define the demodulation performance requirements for the following cases:
· Single D2D link (to verify BLER-SNR performance in fading conditions)

· Two D2D links (SDR-like test to verify the in-channel selectivity performance)

· Max number of links supported (SDR-like test to verify the max sidelink processes supported by UE)

In this paper, we present the simulation assumptions required to derive the Single D2D link demodulation performance requirements.
2. Test / simulation parameters

In our prior contribution R4-150209, we presented a discussion on the various test/simulation parameters for D2D demodulation performance. In the following discussion, we summarize the proposals in R4-150209 and present some further discussion on a few aspects. 

HARQ retransmissions and Soft combining 
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), if no WAN-D2D concurrency is ensured 
· Note that to ensure no WAN-D2D concurrency w.r.t. soft buffer sharing, the UE will need to be in Idle or C-DRX and D2D is configured during the DRX OFF periods [R4-151867].
· With soft-combining, joint-channel estimation over HARQ retransmission should not be assumed. 
Time and Frequency error

The aspect of time and frequency offset between the Tx and Rx UEs were discussed in many papers in the prior meetings [3], [4], [5], [6]. The aim is to abstract the various operating scenarios (intra-cell, inter-cell synchronous, inter-cell asynchronous, out of coverage) into the resulting time and frequency offset as seen between the Tx and Rx UE. 

The general basis of RAN1 design has been as follows:

· For intra-cell reception, it can be assumed that the timing error is less than (CP/2 – delay spread) such that the UE is not required to further adjust it Rx timing.

· For inter-cell reception, it depends on the deployment (synchronous or asynchronous). In either case, the network has the flexibility to indicate (for example for discovery) the synchronization window to assume. For example, in asynchronous (or even synchronous with large timing error between the BS), the network can indicate that a synchronization window of w1 = 5ms. In other words, the network can indicate whether UE can assume that the error is within (CP/2 – delay spread), or if it should adjust it timing using synchronization from other UEs such that the resulting error is then within (CP/2 – delay spread).
· For OOC, the UE will synchronize to another UE that may or may not be the same as the Tx UE. Similar to intra-cell, it will be reasonable to assume that the timing error is less than (CP/2 – delay spread).

To elaborate on the above points, we can consider the following scenarios to motivate our proposal.

Intra-cell 

	· Timing error can be bounded as [3]
· 
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· Tprop is the propagation time between the Tx and Rx UE,
· Te is the error timing error requirements (12Ts)
· It is reasonable to assume that the timing error will be within (CP/2 – delay spread) [3]
· Frequency error can be bounded to be within 0.2 ppm
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Intra-cell (for Mode 1 data communication reception with TA communicated in SA)
	· Timing error can be bounded as

· 
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· Tprop is the propagation time between the Tx and Rx UE,
· Te is the error timing error requirements (12Ts)
· 8Ts is error due to the granularity of 16Ts in TA commands
· It is reasonable to assume that the timing error will be within (CP/2 – delay spread)
· Frequency error can be bounded to be within 0.2 ppm
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Inter-cell w/o further synchronization at the Rx UE

	· Timing error can be bounded as

· 
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· This depends on the deployment due to both TBS-BS (timing error between eNBs) and (TTx-TRx) as the difference in DL timing between the Tx and Rx UEs based on their respective distance from their eNBs.
· If the timing error is not within CP, the network can configure additional synchronization mechanism (e..g, discsynchwindow = w1), or use ECP.

· Thus, it is still reasonable to assume that the timing error will be within (CP/2 – delay spread) is UE is not expected to further align its timing for D2D reception.
· Frequency error can be bounded to be within 0.2 ppm + 0.1 ppm (local area BS-BS) = 0.3ppm
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Inter-cell with further synchronization at the Rx UE / OOC operation
	· Timing error can be bounded as

· If the Tx source is the same as synchronization source, then 
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· If the Tx source is different from the synchronization source, then 
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· It is still reasonable to assume that the timing error will be within (CP/2 – delay spread).

· Frequency error can be bounded to be within 0.1 ppm  (OOC synch UE same Tx UE) or 0.3 ppm (inter-cell)
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In summary, timing error in all cases can be assumed to be within (CP/2 – delay spread). In practical deployments if this is not met, either performance degradation is expected, or else the network should configure correctly (e.g., discovery synchronization window of w1 instead of w2, or use ECP). In particular, for performance requirements, the test setup should ensure that the timing error is within (CP/2- delay spread). We propose to use a timing error of timing error of ±1us in simulations, such that (1us + 12Ts + delay spread) is within CP/2.
Note that the time error of ±1us is for simulations to derive the BLER performance. For demodulation performance tests with synchronous reception (i.e., UE uses DL timing for reception and does not adjust based on the SLSS or TA), this corresponds to the maximum timing error between the Tx UE and DL timing at Rx. For tests with additional synchronization (e.g., asynchronous inter-cell discovery, or reception of Mode 1 data with TA>0 in SA), the actual timing error in the test will be different and this merely represents the maximum timing offset (after synchronization) that was used to derive the BLER-SNR performance.

Worst-case frequency error in the above scenarios is within 0.3ppm, but mostly within 0.2ppm. Our proposal is to use 0.2ppm frequency error between Tx and Rx UE which will be worst-case in most of the scenarios. For demodulation performance requirements, we propose using ±400Hz. 
AGC settling time

For QPSK, one symbol of AGC settling time was agreed in RAN4. For 16QAM, RAN4 indicated in the LS to RAN1 that either 2 or 3 symbols will be required. To shortlist to a single value, we propose to use 2 symbols as AGC settling time for 16QAM transmissions.
Summary

Proposal 1: Table 1 proposes the test/simulation parameters for D2D demodulation performance requirements.

Table 1: Summary of proposals on 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%

	Cyclic prefix
	Normal

	UE RRC state
	Idle or C-DRX with D2D in the DRX OFF period
(further details provided in our companion paper R4-151867)

	Propagation channel
	Discovery: EPA5

Communications: EPA5, EVA70 

	Doppler spectrum
	Classical Jakes

	Timing offset (Tx UE – Rx UE)

	 [±1us]

	Frequency offset (Tx UE – Rx UE)

	[±400Hz]

	Soft-combining 
	For D2D discovery: 
· No minimum requirements with soft-combining for D2D
For D2D communications: 
· Assume UE capable of soft-combining if no D2D-WAN concurrency is ensured.
· Joint-channel estimation over HARQ retransmission should not be assumed.

	Performance metric
	Throughput

	Antenna configuration
	1x2 Low


3. PSSCH reference measurement channels

The RMCs for PSDCH, PSCCH, PSBCH is fixed. 

For PSSCH, we propose the following RMCs for the purpose of demodulation performance requirements.

Observation 1: Following RMC for PSSCH for demodulation performance tests can be adopted.
Table 2: PSSCH RMCs for various test purpose

	RMC
	Channel BW
	MCS
	Number of RBs
	TB size
	UE Cat.
	Test Purpose

	D.1-1
	5 MHz
	16QAM, TCR 1/2
	25 RBs
	6456
	>= 1 
	Single Link performance

	D.1-2
	10 MHz
	16QAM, TCR 1/2
	50 RBs
	14112
	>= 2
	Single Link performance

	D.2-1
	5 MHz
	QPSK, TCR 2/3
	2 RBs
	352
	>= 1
	In-channel selectivity

	D.2-2
	10 MHz
	QPSK, TCR 2/3
	2 RBs
	352
	>= 1
	In-channel selectivity

	D.3-1
	5 MHz
	16QAM TCR 3/4
	12 RBs
	4752
	>= 1
	Max Sidelink processes

	D.3-2
	10 MHz
	16QAM TCR 3/4
	25 RBs
	9504
	>= 1
	Max Sidelink processes


4. Conclusions

In this paper, we present our proposals on the simulation assumptions for single link D2D performance requirements.
Proposal 1: Table below proposes the test/simulation parameters for D2D demodulation performance requirements.

Table 3: Summary of proposals on 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%

	Cyclic prefix
	Normal

	UE RRC state
	Idle or C-DRX with D2D in the DRX OFF period

(further details provided in our companion paper R4-151867)

	Propagation channel
	Discovery: EPA5

Communications: EPA5, EVA70 

	Doppler spectrum
	Classical Jakes

	Timing offset (Tx UE – Rx UE)

	 [±1us]

	Frequency offset (Tx UE – Rx UE)

	[±400Hz]

	Soft-combining 
	For D2D discovery: 
· No minimum requirements with soft-combining for D2D

For D2D communications: 
· Assume UE capable of soft-combining if no D2D-WAN concurrency is ensured.
· Joint-channel estimation over HARQ retransmission should not be assumed.

	Performance metric
	Throughput

	Antenna configuration
	1x2 Low


(RMCs for PSSCH)

Observation 1: Following RMC for PSSCH for demodulation performance tests can be adopted.
Table 2: PSSCH RMCs for various test purpose

	RMC
	Channel BW
	MCS
	Number of RBs
	TB size
	UE Cat.
	Test Purpose

	D.1-1
	5 MHz
	16QAM, TCR 1/2
	25 RBs
	6456
	>= 1 
	Single Link performance

	D.1-2
	10 MHz
	16QAM, TCR 1/2
	50 RBs
	14112
	>= 2
	Single Link performance

	D.2-1
	5 MHz
	QPSK, TCR 2/3
	2 RBs
	352
	>= 1
	In-channel selectivity

	D.2-2
	10 MHz
	QPSK, TCR 2/3
	2 RBs
	352
	>= 1
	In-channel selectivity

	D.3-1
	5 MHz
	16QAM TCR 3/4
	12 RBs
	4752
	>= 1
	Max Sidelink processes

	D.3-2
	10 MHz
	16QAM TCR 3/4
	25 RBs
	9504
	>= 1
	Max Sidelink processes
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