Page 1

3GPP TSG-RAN WG4 Meeting #74

R4-150156
Athens, Greece, 9 – 13 Feb, 2015

Agenda item:
6.6.4
Source:
Intel Corporation
Title:
Discussion on D2D demodulation performance requirements
Document for:
Discussion

1. Introduction

In the previous RAN4 meeting initial agreements on the D2D demodulation tests scope were reached in [1]:
· Proposal 1: Consider demodulation performance requirements for D2D channels
· Discovery
· PSDCH
· Communications
· PSSCH
· PSCCH
· PSBCH
· PDCCH DCI Format 5 (FFS)
· Proposal 2: Consider to introduce performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery. Consider to introduce performance test(s) to verify WAN performance in case of D2D communication (when further RAN1 agreements are reached).
· Proposal 3: Do not define new BS UL demodulation requirements in case of D2D operation.
· Proposal 4: Further discuss the maximum number of independently tested links for D2D demodulation tests.
· Proposal 5: Further discuss procedure to enable testing of D2D demodulation performance.
In this contribution we share our further views on the general demodulation framework for the D2D WI.
2. Downlink demodulation performance requirements
There are two main aspects we would like to highlight with regards to the ProSe related downlink demodulation performance requirements.

2.1 WAN/D2D soft buffer sharing
In case UE supports D2D it may have either dedicated D2D soft buffer or shared WAN/D2D soft buffer. None of the solutions is precluded based on the RAN1 WG agreements [2]:

· No standardized mechanism is defined for D2D communication and discovery to share the soft buffer already defined for cellular communications

For the D2D discovery case the RAN1 WG explicitly agreed that for the shared WAN/D2D soft buffer implementation there should be no impacts on the PDSCH demodulation [2]:

· In case the UE shares a common soft buffer for storing PDSCH and discovery message soft bits, if a UE’s soft buffer cannot to accommodate soft channel bits for both PDSCH and discovery message receptions (note that soft buffer management is up to UE implementation)

· In such cases, PDSCH reception may be prioritized or discovery messages may not be combined (PDSCH reception shall not be impacted by D2D discovery reception)

For the D2D communication case it was agreed that if UE reception capabilities are limited at a given time (e.g. due to shared soft buffer) then cellular DL has the highest priority [2]:

· If UE reception capabilities are limited at a given time:

· Cellular DL has highest priority

· Communication reception is the second priority

· 
D2D discovery is the third priority…

Therefore, even in case UE has shared soft buffer for DL and D2D communication/discovery, the DL performance should not suffer under any conditions. The RAN4 tests should ensure verification of this functionality and check that there are no impacts on the DL demodulation performance in case of concurrent WAN/D2D operation.

Proposal #1: Verify no impacts on the PDSCH demodulation performance due to D2D soft buffer implementation in case of concurrent reception of WAN and D2D discovery/communication.

2.2 DCI Format 5

The new DCI Format 5 was introduced in the ProSe WI to support eNodeB based control of the D2D Communication Mode 1 operation. The new DCI Format 5 is used to carry D2D grants and its size is aligned with the DCI Format 0. So, the PDCCH/EPDCCH search space is not increased and UE just needs to check additional scrambling hypothesis to differentiate between DCI transmissions with Format 0 and 5. Therefore, the UE implementation changes are minimal and there is no strong motivation to introduce special test case to check DCI decoding.
Proposal #2: Do not introduce tests for the DCI Format 5 demodulation requirements.

3. Sidelink demodulation performance requirements
3.1 UE ProSe Capabilities

One of the main RAN4 test purposes is to confirm that UE has certain receive capabilities defined by the standard. The summary of the current RAN1 WG agreements on the UE ProSe capabilities [3] is provided in the Table 1. The RAN1 is expected to continue the discussion on this and the output of this discussion needs to be taken into account during the test case design procedure. It can be seen that there is a single D2D communication capability, meanwhile there are 2-3 separate capabilities for the D2D discovery.
Table 1. UE ProSe capabilities

	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
	Note

	4. ProSe
	4-1
	Discovery without D2DSS
	Support Type 1 and Type 2 discovery transmission/reception
	None
	The feature applies to D2D operation on single carrier.

	
	4-2
	Discovery with D2DSS
	1) Support Type 1 and Type 2 discovery transmission/reception
2) Support D2DSS transmission and reception
	None
	The feature applies to D2D operation on single carrier.

	
	4-3
	Communication
	1) Support Mode 1 and Mode 2 communication transmission/reception
2) Support PD2DSCH transmission and reception
3) Support D2DSS transmission and reception
	None
	The feature applies to D2D operation on single carrier.

	
	[FFS]4-4
	[FFS] Simultaneous discovery reception and DL Uu in FDD in the same subframe in paired carrier
	[FFS] Simultaneous discovery reception and DL Uu in FDD in the same subframe in paired carrier
	4-1 or 4-2
	[FFS] RAN1 hasn't reached a consensus on this feature. Whether or not specify signalling for this feature is up to RAN2


3.2 D2D Communication (ProSe 4-3)
The D2D communication capability includes three main components:

1) Mode 1 and Mode 2 communication transmission/reception

2) PD2DSCH transmission and reception

3) D2DSS transmission and reception

In our view there are three general purposes of performance tests for the D2D demodulation:

1. Verification of single link PSCCH, PSSCH, and PSBCH demodulation performance under typical conditions
· Physical Sidelink Control Channel (PSCCH) demodulation
· Physical structure (PUSCH, 1 symbol gap, RE mapping, hopping)

· PSCCH resource allocation

· Soft-combining of PSCCH retransmissions

· Physical Sidelink Shared Channel (PSSCH) demodulation
· Physical structure (PUSCH, 1 symbol gap, RE mapping, hopping)

· PSSCH resource allocation

· Soft-combining of PSSCH retransmissions

· Physical Sidelink Broadcast Channel (PSBCH) demodulation
· Physical structure (PUSCH, 1 symbol gap, RE mapping)

2. Verification of peak PSSCH demodulation capabilities incl. maximum number of sidelink processes and maximum data rate.
3. Verification of UE capabilities to simultaneously receive multiple PSCCH and PSSCH signals from different sources.
From the test design procedure view the work on the Type 1 single link demodulation requirements can be prioritized. The test cases should cover D2D communication Mode 1/2, enable verification of the D2D communication operation in different RRC states incl. RRC_CONNECTED, RRC_IDLE, and Out of coverage.

Proposal #3: For D2D communication consider threes general test purposes:

1. Verification of single link PSCCH, PSSCH, and PSBCH demodulation performance under typical conditions (first priority)
2. Verification of peak PSSCH demodulation capabilities incl. maximum number of sidelink processes and maximum data rate

3. Verification of UE capabilities to simultaneously receive multiple PSCCH and PSSCH signals from different sources

3.3 D2D Discovery (ProSe 4-1, 4-2)
At least two distinct D2D discovery capabilities are defined:

1. Discovery without D2DSS (4-1)
· Type 1 and Type 2 discovery transmission/reception
2. Discovery with D2DSS (4-2)
· Type 1 and Type 2 discovery transmission/reception

· D2DSS transmission and reception

Similar to the D2D communication the following three general test purposes can be envisioned:

1. Verification of single link demodulation performance for the Physical Sidelink Discovery Channel (PSDCH)

· Physical layer design (PUSCH structure, 1 symbol gap, RE mapping, hopping)

· Receive signal soft-combining

· Using D2D synchronization signals (D2DSS) to assist demodulation for the capable UEs
2. Verification of peak D2D discovery capabilities incl. maximum number of sidelink processes and maximum data rate
3. Verification of capability to receive discovery signals from multiple D2D sources

The test cases should cover D2D discovery Type 1/2, enable verification of the D2D communication operation in different RRC_CONNECTED and RRC_IDLE states.

Proposal #4: For D2D discovery consider threes general test purposes:

1. Verification of single link PSDCH demodulation performance under typical conditions (first priority)
2. Verification of peak PSDCH demodulation capabilities incl. maximum number of sidelink processes and maximum data rate

3. Verification of UE capabilities to simultaneously receive multiple PSDCH signals from different sources

3.4 D2D Receiver assumptions
AGC settling time

For the demodulation requirements definition it can be assumed that UE skips processing of the initial OFDM symbol(s) of each TTI due to AGC settling effects. Previously the RAN4 WG has reached the following agreements on the AGC settling time for D2D communication and discovery [4]:
· 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.
For the purpose of the demodulation requirements definition a single OFDM symbol AGC settling time can be assumed for the QPSK modulation transmissions. Further analysis on whether same assumption can be reused for the 16QAM transmissions is needed.
Proposal #5: AGC settling time of one OFDM symbol per TTI is assumed for QPSK transmissions. 
Soft combining
Both D2D discovery (PSDCH) and communication (PSSCH, PSCCH) physical channels take benefit of multiple signal retransmissions and rely on the soft combining of the repeated transmissions. The D2D demodulation tests should aim to verify that UE has appropriate implementation of the soft combining functionality. Meantime, based on the RAN1 agreements the PDSCH reception may be prioritized over D2D reception (see Section 2) and under certain conditions UE may omit soft combining in favor of DL reception. To verify proper soft-combining implementation no concurrent WAN/D2D operation should be assumed.
Observations:

· Both D2D discovery (PSDCH) and communication (PSSCH, PSCCH) physical channels take benefit of multiple signal retransmissions and rely on the soft combining of the repeated transmissions.

Proposal #6: D2D tests should enable verification of the soft-combining implementation for both D2D discovery and communication.
Time/Frequency offset compensation

For the in-coverage scenarios D2D UEs rely on the post-FFT time and frequency offset estimation and compensation. The respective DMRS based time/frequency offset measurements are an important component of the D2D receiver functionality. Assuming that the measurements accuracy reduces with the DMRS bandwidth reduction the demodulation requirements should ensure D2D operation for the minimum resource allocation bandwidth (1-2 PRB pairs).

Observations:

· D2D receivers rely on the DMRS based time/frequency offsets estimation and compensation.

For the PSSCH, PSBCH and PSDCH physical channel the DL transmission timing is used. For the PSSCH physical channel, either DL or UL based transmit timing can be applied depending on the transmission mode. For the DL timing case, receive timing offsets need to be compensated solely at the receiver side via autonomous time offset measurements. For the UL timing case, the PSCCH would carry the TA command which can be used to assist the time offset measurements. Meantime, the D2D TA signaling granularity is very rough (±256Ts) and further discussion on the D2D performance in this scenario is needed assuming realistic time offset models. The demodulation tests should cover both DL and UL transmit timing cases and ensure robust performance under various conditions.
Observations:

· Different time offset compensation mechanisms may need to be considered for the case of DL and UL based D2D transmit timing.

Proposal #7: RAN4 tests should ensure correct implementation of the time/frequency offset handling for the D2D transmissions based on both DL and UL transmit timing.
Channel estimation

D2D potentially allows using channel estimation combining over multiple TTIs. In our view such implementations should not be mandated. The minimum performance requirements need to be defined under an assumption of a single shot per-TTI measurements.
Proposal #8: D2D demodulation requirements are defined under assumption of per-TTI channel estimation.

3.5 Scenarios and simulation assumptions
Tx EVM
The 10% UE transmit EVM can be used for the purpose of demodulation requirements definition.

Proposal #9: D2D UE TX EVM = 10%.

Time offset model

For the cellular operation relatively small post-sync time offsets can be achieved. Meanwhile, for the D2D operation additional factors contribute to the time offsets experienced at the receiver side and hence the resulting timing offset can be larger comparing to the cellular communication case. From the demodulation perspective two possible scenarios can be considered: 1) D2D UEs derive sync from the eNodeB and 2) D2D UEs derive sync from the D2DSS (i.e. out of coverage).
When the D2D UEs derive sync from the D2DSS the residual time and frequency offsets would depend on the D2DSS detection performance which is in the scope of the RRM agenda discussion. The accuracy requirements for this scenario are not defined yet and hence the discussion on the residual time offset model for the demodulation requirements should be postponed.
When D2D UEs derive sync from the eNodeB the residual time offset would depend on the signal propagation conditions and cellular measurements accuracy. For instance, the time offset observed at the D2D receiver for the case when D2D transmissions are based on the DL timing would depend on the following factors:

1) D2D transmitter timing accuracy. 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 (same as cellular transmit timing accuracy) [5].
2) D2D receiver cellular timing accuracy. Assuming that D2D receiver applies FFT window in accordance to the DL timing the accuracy would depend on the DL timing measurement accuracy and will be equal ±12 Ts Similar to the transmitter side.
3) D2D signal propagation timing which would depend on the propagation between the eNodeB and D2D Tx/Rx nodes and between D2D Tx and Rx nodes.
The simplified time offset model which takes into account the signal propagation effects only is illustrated in Figure 1 for the case when both D2D UEs derive sync from the same eNodeB. It can be seen that in case D2D receiver sets the FFT window in accordance to its DL timing, the overall D2D signal timing offset would depend on the difference of DL timing of D2D Tx/Rx nodes as well as propagation timing between the D2D Tx and Rx nodes.
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Figure 1. D2D receive time offset model (DL transmit timing case)
When D2D UEs derive sync from the eNodeB and UL transmit timing is used the time offset model would additionally depend on the cellular TA command granularity and D2D TA signaling granularity. The latter one was introduced in order to facilitate D2D receive signal timing measurements in case of using UL-based transmit timing. When the signaling was introduced it was assumed that depending on the implementation the D2D receiver can apply the signaled D2D transmitter TA value with respect to its own DL reception timing or with respect to the estimated DL Rx timing based D2D reception timing (e.g. derived from PSCCH). An example of time offset model which takes into account the signal propagation effects and D2D TA command is illustrated in Figure 2. here we assume that UE applies signaled D2D TA value (TAUE1_SA) relative to its own DL reception timing to derive the expected D2D reception timing. Similar to the DL transmit timing case the receive timing offset would depend on the signal propagation conditions between the three nodes. In addition to that, the exact timing would depend on the D2D TA command which is used to signal the cellular timing advance (TAUE1) but with more rough granularity of ±256Ts. Assuming typical deployments it is likely that the signaled D2D TA value would always be equal to zero and hence cannot be used to compensate the actual TA used at the D2D Tx side. In this case the resulting timing offset can become rather larger and further study on the D2D receiver processing assumptions for the definition of the minimum performance requirements is needed.
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Figure 2. D2D receive time offset model (UL transmit timing case)

In summary, we think that further discussion on the realistic time offset model for the case when D2D UEs derive sync from the eNodeB is needed. The time offset models for both DL and UL transmit timing models should defined. Assuming that both models significantly depend in the propagation conditions between the eNB and D2D Tx/Rx nodes further system-level study of the typical offset models can be recommended before deciding on the actual values used for the definition of the minimum performance requirements.
Proposal #10: Further analyse realistic time offset models for the practical deployment scenarios.

Frequency offset model

The RAN4 requirements should ensure D2D operation for the realistic frequency offset models. When the D2D sync is derived from the eNodeB (i.e. in coverage scenario) a ±0.1 ppm error (±200Hz at 2GHz) between eNodeB DL and D2D Tx/Rx can be used which is equivalent to the UE transmit frequency error for cellular operation. Therefore, the combined residual frequency error at the D2D receiver side for the D2D signals would be equal ±0.2ppm. Meantime, when D2D UEs derive sync from the D2DSS (i.e. out of coverage) the residual frequency error is still undefined and is for further discussion under RRM agenda.
Proposal #11: Use ±0.2ppm residual receive side frequency offset error for the purpose of the demodulation requirements definition for scenarios when D2D UEs derive sync from the eNodeB.
Channel model
For the D2D demodulation requirements the existing RAN4 channel models can be reused. In particular, both static and multi-path fading propagation models should be considered. The use of multi-path fading models for at least a number of tests is required to check the UE implementation robustness to different propagation environments.
To emulate more realistic propagation conditions the UE-UE link dual mobility Doppler spectrum model can be used.
Proposal #12: Consider both static and multi-path fading channel models.

3.6 Test procedure
In our view, the sufficient D2D feature testing is critical in order to ensure proper implementation of the completely new UE functionality. However, the D2D may impose some challenges in terms of the practical testing procedures.

Test metrics measurements

Both D2D Discovery and Communication rely on broadcast transmissions and do not have L1/L2 feedback channels. So, from the test perspective the D2D physical channels performance cannot be measured using the conventional ACK/NACK based mechanisms used for the WAN DL channels. 

Observations:

· D2D physical channels demodulation performance cannot be measured using L1 feedback mechanisms.

In our view to ensure proper verification of the D2D functionality the corresponding conformance tests need to be introduced. In general, a special UE test loop in analogy to the MBMS services can be introduced for the D2D tests. During the test the UE can collect the required statistics (e.g. number of successfully received packets) and send corresponding feedback to the TE for the performance metrics calculation. In our understanding this question needs further attention from both RAN4/5 WGs with special UE test loop being more in the scope of the RAN5 WG responsibility. So, we recommend to further discuss this issue in RAN4 and consider to request the RAN5 WG on the feasibility of the D2D conformance tests.

Proposal #13: Further discuss test metrics measurements and consider to request RAN5 on the feasibility of the UE D2D demodulation conformance testing.

Number of source signals

For the DL demodulation testing it is assumed that signals from 1 to 3 TPs may be present. For the D2D demodulation one of the potential test purposes is the verification of correct demodulation of multiple receive signals coming from different D2D signal sources in a single TTI.

Observations:

· D2D demodulation tests may require emulation of multiple receive signals coming from different D2D sources.

For the D2D communication, based on the peak capabilities UE may need handle reception for 16 different Sidelink processes, each of which can correspond to different D2D transmitters. In our view, to check the capability to receive multiple signal it may sufficient to assume reception from 2 - 3 possible D2D sources simultaneously. Hence, the complexity is expected to be on par with the existing cellular tests.
Meantime, for the D2D discovery UE typically needs to perform reception from multiple sources simultaneously. In this case the peak capabilities UE needs to handle 50 or 400 sidelink processes. Support of such number of links in the TE seems to have high complexity. Hence, further discussion on the feasible number of tested links for the D2D Discovery multiple signals reception testing is needed in order to find a balance between the test coverage and TE complexity.
4. Conclusions

In this contribution, we have shared our views on the D2D demodulation requirements scope, tests purposes and testability. In summary we make the following proposals:

Proposal #1: Verify no impacts on the PDSCH demodulation performance due to D2D soft buffer implementation in case of concurrent reception of WAN and D2D discovery/communication.

Proposal #2: Do not introduce tests for the DCI Format 5 demodulation requirements.

Proposal #3: For D2D communication consider threes general test purposes:

1. Verification of single link PSCCH, PSSCH, and PSBCH demodulation performance under typical conditions (first priority)
2. Verification of peak PSSCH demodulation capabilities incl. maximum number of sidelink processes and maximum data rate

3. Verification of UE capabilities to simultaneously receive multiple PSCCH and PSSCH signals from different sources

Proposal #4: For D2D discovery consider threes general test purposes:

1. Verification of single link PSDCH demodulation performance under typical conditions (first priority)
2. Verification of peak PSDCH demodulation capabilities incl. maximum number of sidelink processes and maximum data rate

3. Verification of UE capabilities to simultaneously receive multiple PSDCH signals from different sources
Proposal #5: AGC settling time of one OFDM symbol per TTI is assumed for QPSK transmissions. 
Proposal #6: D2D tests should enable verification of the soft-combining implementation for both D2D discovery and communication.

Proposal #7: RAN4 tests should ensure correct implementation of the time/frequency offset handling for the D2D transmissions based on both DL and UL transmit timing.

Proposal #8: D2D demodulation requirements are defined under assumption of per-TTI channel estimation.

Proposal #9: D2D UE TX EVM = 10%.

Proposal #10: Further analyse realistic time offset models for the practical deployment scenarios.

Proposal #11: Use ±0.2ppm residual receive side frequency offset error for the purpose of the demodulation requirements definition for scenarios when D2D UEs derive sync from the eNodeB.

Proposal #12: Consider both static and multi-path fading channel models.

Proposal #13: Further discuss test metrics measurements and consider to request RAN5 on the feasibility of the UE D2D demodulation conformance testing.
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