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1. Introduction

The RAN1/RAN2/RAN4 work on the LTE Device to Device Proximity Services (D2D) WI [1] Core part is still in active phase and many details of the D2D physical layer design still need to be finalized. However, the RAN4 work on the D2D WI UE demodulation performance can be started with respect to the discussion on the general D2D demodulation tests framework. In this paper, we share initial views on the D2D demodulation requirements scope, tests purposes and testability. In particular we consider the following three general aspects:
· D2D impacts on the UE WAN DL demodulation procedures;

· D2D impacts on the BS WAN UL demodulation procedures;

· UE D2D demodulation.
2. D2D impacts on the UE WAN DL demodulation
In accordance to the existing D2D agreements the impacts on the cellular demodulation performance are minimized. However, certain implications on the DL demodulation performance still might exist.
Number of receive chains
The RAN1 WG has made a working assumption that for D2D communication UE should have two receive chains, while single receive chain is required for Discovery operation [2]:

· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D

Depending on the number of the receiver chains, the D2D capable UE may or may not make joint monitoring of the DL and D2D receive signals for FDD mode. 
· In case of 2 Rx chains UE is capable to simultaneously receive in both DL and UL spectrum and hence there are no or minimal impacts on the DL monitoring procedures due to D2D operation. Short interruption to the WAN operation may occur due to receive chain switching (e.g. D2D RRC reconfiguration, D2D receiver chain power on/off), however the impact is expected to be rather small and no changes to the UE demodulation requirements are needed.

· In case of 1 Rx chain certain impacts on the cellular D2D demodulation can be expected since UE will not be able to receive DL data during the D2D reception. Prior RAN4 agreements guaranteed that UE would interrupt the D2D reception to obtain paging and SI (SIB, MIB). In addition, in case the eNB is aware of the subframes where UE would switch to the D2D Discovery reception mode and can avoid scheduling the WAN DL transmissions in the respective subframes. Hence, no or minimal impact on the WAN DL demodulation can be expected in case of proper eNB scheduler implementation (i.e. no DL transmissions to the UE during its Discovery reception). So, no changes in the WAN DL demodulation procedures are required at the UE side.

Observations:

· The D2D operation might have impacts on the DL performance due to DL monitoring interruption, however no changes in the WAN DL demodulation procedures at the UE side are required.

UE soft buffer
Another aspect that might potentially impact the DL demodulation is soft-buffer implementation for cellular and D2D receiver chains. So far, the following RAN1 agreements with regards to this were made:
· No standardized mechanism is defined for D2D communication and discovery to share the soft buffer already defined for cellular communications

· The transmitting D2D UE always assumes that there is enough memory to always use the mother turbo code with rate 1/3

· The maximum aggregate data rate that a D2D UE is expected to receive is limited to [X]

· X may [FFS] depend on UE D2D capability

· The number of HARQ processes per transmitting D2D UE is 1 per destination ID

· Note that any discussion of communication with multiple destination IDs is up to RAN2. 

· D2D UE behaviour in cases when these limits are reached is left to D2D UE implementation

· 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)

Hence, for D2D discovery even in case of shared DL/D2D soft buffer there should be no impacts on the PDSCH demodulation and the RAN4 tests should ensure verification of this functionality.
Proposal #1: Consider to verify no impacts on the PDSCH demodulation performance due to shared soft buffer in case of D2D discovery.

At the moment, the UE behaviour in terms of soft buffer sharing for the D2D communication is unspecified. So, practically the UE might have shared soft buffer for DL and D2D communication reception and the performance of either of them may be penalized in case the capacity limit are reached. However, in our understanding further discussion in RAN1 WG is still expected and RAN4 should address this question at later stage.
Proposal #2: Further discuss impacts on the PDSCH demodulation performance due to shared soft buffer in case of D2D communication when further RAN1 agreements are reached.
3. D2D impacts on the BS WAN UL demodulation
Some impacts on the UL channels demodulation performance at the BS side can be expected due to co-channel D2D transmissions or inband emission from the frequency division multiplexed D2D transmissions. However, those impacts can be foreseen by the eNB scheduler and therefore avoided. Hence, there is no need for verification of BS demodulation procedures.

Observations:

· UL channels demodulation performance might be impacted due to simultaneous D2D transmissions, however the respective issues can be resolved via the proper eNB scheduler implementation.
For the single receive chain in D2D discovery UE will not be able to receive UL grants during the operation in D2D and hence will not transmit UL packets scheduled by the eNB. However, similar to the DL demodulation case, those impact can be avoided by the eNB scheduler.

Observations:

· In case of single Rx chain the D2D operation might have impacts on the UL performance due to DL monitoring interruption, however the respective issues can be resolved via the proper eNB scheduler implementation.
So, in summary we think that no changes to the BS demodulation requirements are needed in case of D2D operation.
Proposal #3: Do not define new BS UL demodulation requirements in case of D2D operation
4. D2D sidelink demodulation

The general RAN4 task should be to enable verification of correct UE receiver D2D functionality implementation including demodulation of all sidelink physical channels. In particular, we think that RAN4 the following D2D functionality needs to be verified:
· D2D communication
· D2D communication Mode 1/2

· D2D communication operation in different RRC states: RRC_CONNECTED, RRC_IDLE, Out of coverage

· D2D communication parameters HL signalling (SIB and RRC signalling) and Preconfigured parameters

· Demodulation of Physical Sidelink Control Channel (PSCCH)

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

· Resource allocation

· Combining of PSCCH retransmissions
· Using D2D synchronization signals (D2DSS) to assist demodulation
· Demodulation of Physical Sidelink Shared Channel (PSSCH)
· Physical structure (PUSCH, 1 symbol gap, RE mapping, hopping)

· Resource allocation

· Combining of PSSCH retransmissions
· Using D2D synchronization signals (D2DSS) to assist demodulation
· Demodulation of Physical Sidelink Broadcast Channel (PSBCH)

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

· D2D DCI demodulation
· Capability to simultaneously receive multiple PSCCH, PSSCH, PSBCH signals from different sources
· Maximum aggregate D2D communication data rate

· D2D discovery

· D2D discovery Type 1/2

· D2D discovery operation in different RRC states: RRC_CONNECTED and RRC_IDLE

· D2D discovery HL signalling (SIB and RRC signalling)
· Demodulation of Physical Sidelink Discovery Channel (PSDCH)
· Physical layer design (PUSCH structure, 1 symbol gap, RE mapping)
· Inter-subframe hopping

· Receive signal combining (incl. cellular/D2D soft-buffer management)

· Using D2D synchronization signals (D2DSS) to assist demodulation
· Discovery resource allocation (Type 1/2 discovery)

· Capability to receive discovery signals from multiple D2D sources
The RAN1 discussion on the physical layer design is still in progress, hence the provided list of features is not extensive and subject to further extension based on further RAN1 agreements. In addition, the RAN1 WG has not yet discussed the D2D UE capabilities and we think that one of the main RAN4 test purposes should be enabling verification of whether UE has certain capability or not. Hence, further discussion in RAN4 on D2D demodulation tests purposes is needed and is subject to the RAN1 WG discussion outcome.

5. D2D demodulation testability

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.

5.1 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.

To handle this issue two possible approaches can be considered:

· Option 1: Define D2D demodulation requirements but not introduce UE conformance tests. This approach is similar to the one adopted for the PBCH channel. In this case the UE vendors would get guidance for the UE implementation, however, the UE conformance cannot be guaranteed and proper D2D operation in real networks cannot be ensured.
· Option 2: Define D2D demodulation performance requirements and request RAN5 WG to introduce corresponding conformance tests. In this case RAN5 WG may define a special UE test loop in analogy to the MBMS services. During the test the UE can gather required statistics (e.g. number of successfully received packets) and feedback to the TE for the performance metrics calculation. In our view, this approach is more preferable since it can guarantee proper D2D operation in real networks.
Proposal #4: Further discuss feasibility of D2D demodulation performance test metrics measurements. Consider to consult with RAN5 on a possibility to define a special procedure to enable UE D2D demodulation conformance testing.

5.2 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.

In our view, some impact on the test equipment and procedure complexity can be foreseen as multiple links need to be modelled simultaneously. Hence, the input from the test equipment vendors is required in terms of the maximum number of independently tested links.
Proposal #5: Further discuss the maximum number of independently tested links for D2D demodulation tests.

6. 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: Consider to verify no impacts on the PDSCH demodulation performance due to shared soft buffer in case of D2D discovery.

Proposal #2: Further discuss impacts on the PDSCH demodulation performance due to shared soft buffer 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 feasibility of D2D demodulation performance test metrics measurements. Consider to consult with RAN5 on a possibility to define a special procedure to enable UE D2D demodulation conformance testing.

Proposal #5: Further discuss the maximum number of independently tested links for D2D demodulation tests.

References
[1] RP-140518, “Work item proposal on LTE Device to Device Proximity Services”, March 2014
[2] “List of RAN1 agreements on D2D up till RAN1#78bis”, Qualcomm, October 2014
PAGE  
4/4

