Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #77 










  


 

 R1-142121
Seoul, Korea, 19th – 23rd May 2014
Agenda item:

6.2.5.3.3
Source:
Samsung

Title: 



D2D synchronization procedure for partial network coverage
Document for:

Discussion and Decision

1
Introduction
The study report on radio aspects for D2D proximity services is provided in [1]. In particular, it includes the following working assumptions on signal design for D2D synchronization:
A D2D Synchronization Source transmits at least a D2D synchronization signal (D2DSS).

· The transmitted D2DSS may be used by a UE to obtain time and frequency synchronization. 

· The D2DSS transmitted by a D2D Synchronization Source which is an eNodeB shall be the Rel-8 PSS/SSS. 
· The structure of D2DSS transmitted by D2D Synchronization Sources other than the eNodeB is defined in Section 7.1.
· Working assumption: A synchronization source has a physical layer identity known as PSSID.
Working Assumption:

Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. 

· If a D2D Synchronization Source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS.

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D Synchronization Source.
· Details of under what circumstances a UE transmits D2DSS are FFS.

· If a UE transmits D2DSS, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2DSS are described in Section 7.2.2.

· If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS.

· A UE may reselect the D2D Synchronization Source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D Synchronization Source(s). 

· Detailed rules FFS
Working Assumption:

If a UE transmits a D2D signal, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2D signal are
· D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;

· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage;

· After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source is based on at least the following metrics:
· Received D2DSS quality: 

· For example, a UE selects a D2DSS with a better received signal quality when all the other metrics are the same.
· FFS whether to define the measurement for received D2DSS quality.
· FFS Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D Synchronization Source selection criterion.

· FFS on how D2D Synchronization Source type and stratum level can be carried by D2DSS/PD2DSCH.
In RAN1 #76bis, the following working assumptions and conclusion were made, regarding resource allocation for D2D synchronization.

Agreement:
· For selection of a timing reference D2D synchronization source

· The same prioritization rules should be applied for selection and reselection of the synchronization sources

Observation:

· FFS on the reselection details including

· When a UE changes its reference synchronization source
· How a UE is provided with time to scan any change on the synchronization sources
· This includes the case where a UE re-evaluates whether to become or remain an independent synchronization source
· Synchronization signal quality
Agreement:
· D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB 
Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 
· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm
· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source
· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

This contribution discusses some of the FFS aspects in the above working assumptions, particularly, on “FFS on the reselection details”, “FFS on eNB configuration for synchronization”, on “other criteria under which a UE may become a D2D synchronization source”, and on “any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source.”
2   Synchronization Design Aspects for Partial Network Scenario 
Time synchronization procedures for partial network scenario have been discussed in RAN1. Synchronization procedure for in-coverage UEs, partial coverage UEs, and out-of-coverage UEs should be considered to support D2D communication in partial network scenario. In-coverage UE derives timing directly from eNB via PSS/SSS. Partial (or edge-of) coverage UEs derive timing indirectly from eNB via UE relaying. In this section, we investigate synchronization procedure for in-coverage UEs, partial coverage UEs with eNB timing, and out-of-coverage UEs without eNB timing.For the simplicity of exposition, we first define required terms as the following:
Terminology for this contribution
· I-SS (Independent Synchronization Source): the eNB or the D2D UE transmitting D2DSS as synchronization source with its own time reference
· D-SS (Dependent Synchronization Source): the D2D UE transmitting D2DSS as synchronization source with time reference derived from I-SS
· SSUE (Synchronization Source UE): the D2D UE transmitting D2DSS as I-SS or D-SS
· SH (Synchronization Head): the SSUE providing time reference to SRUEs within a cluster
· V-SS (Volunteering SSUE): the SSUE providing time reference to SHs and not providing time reference to D2DUEs not SSUE.
2.1
Basic synchronization procedures
Synchronization procedure for in-coverage UEs:
To avoid the impact of interferences from out-of-coverage UEs on WAN or in-coverage UEs, it is beneficial to forward eNB timing to outside network coverage. The eNB may configure a UE to transmit D2DSS or to cease D2DSS transmission as shown in Figure 1, based on signaling from network entity or measurement reports from UEs. Otherwise, eNB may configure a condition for a UE in order to determine whether the UE transmits D2DSS or not, or to report measurement to eNB for D2DSS transmission. Criteria for UE measurement may be received signal quality from eNB, out-of-coverage UEs and/or in-coverage UEs. When multiple UEs send measurement report to eNB, eNB may configure SSUE based on the received signal quality of the UE, presence of out-of-coverage UE, or may not configure it when similar measurement results are reported. To deal with various measurement situations, eNB can configure operating frequency and measurement gap based on status of UEs or synchronization parameters such as D2DSS period.
Observation 1: It is preferred to make in-coverage UEs perform measurement or scanning for efficient D2DSS transmission.
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Figure 1. eNB configuration for in-coverage UE to transmit D2DSS 
Synchronization procedure for partial coverage UEs:

Out-of-coverage UE derives timing from UEs in network coverage based on current working assumption. Then the out-of-coverage UE is regarded as partial coverage UE which has timing derived from eNB via SSUE relaying. As shown in Figure 2, partial coverage UE can become SSUE to relay D2DSS. Since the partial coverage UE does not have network access, measurement report to and confirmation from eNB are not available. Therefore the partial coverage UE should decide by itself whether it becomes SSUE or not based on its own measurement. Criteria for UE measurement may be received signal quality from in-coverage UEs and/or out-of-coverage UEs. Triggering condition to transmit D2DSS may be pre-configured or configured by eNB via PD2DSCH relaying. Triggering condition is, for example, whether the received signal quality from in-coverage UE and out-of-coverage UE is below a certain level, e.g. Y dBm. Because the eNB cannot control directly out-of-coverage UEs and can only configure triggering condition without the notion of real deployment, D2DSS collision or battery consumption may not be managed accordingly. To deal with the problem, random timing difference for measurement within UEs can be considered.
Observation 2: It is preferred to make partial coverage UEs perform periodic measurement or scanning and trigger to become synchronization source UE for efficient D2DSS transmission and low power consumption.
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Figure 2: Partial network UE triggering to transmit D2DSS
Synchronization procedure for out-of-coverage UEs:

The out-of-coverage UE involving partial network scenario is in the case that the UE (like UE#6) can detect D2DSS relayed by DSS (Dependent Synchronization Source) like UE#4, but does not derive timing for transmission due to the limitation of the max hop number (e.g. 3) as shown in Figure 3. The purpose of defining max hop number is to restrict error propagation. Even though D2DSS from SSUE with the max hop number does not provide reliable timing reference to fulfill symbol-level accuracy, it can be helpful for out-of-coverage UEs to mitigate interferences to in-coverage UEs and partial coverage UEs. Receiving the system frame number from UE#4 with the max hop number to out-of-coverage UE#6 may be beneficial for coarse interference avoidance by utilizing offset in system frame unit, even though symbol or frame boundary is not aligned. Further details will be described in next sub-clause.
Observation 3: It is preferred to make out-of-coverage UEs perform periodic measurement or scanning and interference management subject to coarse synchronization condition.

One of possible technical issue is ping-ponging like handover situation. The out-of-coverage UE located on the boundary of extended D2D coverage may cause disturbance to neighboring UEs. The triggering condition should be further studied to avoid frequent change of synchronization source. Simple approach is using timer to lessen sudden change, but it lacks the radio perspective.
Observation 4: Triggering condition to become synchronization source should be designed to avoid frequent change within synchronization sources with different timing references.
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Figure 3: Out-of-coverage UE behaviour for D2DSS and PD2DSCH
2.2 Study on interference issue in partial network scenario
RAN1 has not discussed much about partial coverage UEs in the interference point of view, so we will study more about impact from interference from D2D UE to other D2D UEs and from D2D UE to eNB. In Figure 4, UE#1 and UE#2 are DSS to relay eNB timing reference to outside network coverage. UE#3 does not derive transmission timing and does not relay anymore as assuming that the max hop number is 3 in this scenario. UE#1-3 are transmitting D2D signal to the corresponding target UEs which is described as single in the figure. Interference from in-coverage UE#1 can be mitigated by eNB control. However partial coverage UE#2 and out-of-coverage UE#3 may be difficult to control in the interference perspective. Since UE#2 is synchronized to UE#1 by deriving eNB timing reference, they can operate in the same D2D resource pool indicated by eNB. Meanwhile UE#3 and UE#2 are not synchronized, then D2D signal from UE#3 may be interfered to reception UEs corresponding to UE#2 transmission, and vice versa(UE#2 to UE#3’s receivers) as well. So it can be a simple way for handling interference that UE#3 is restricted to transmit D2D signal at D2D resource pool forwarded from eNB. For the same reason, UE#2 is not allowed to transmit D2D signal in resources not D2D resource pool forwarded from eNB, so as to avoid harmful interference to UE#3’s target UEs as well as eNB. Interference to eNB may be significant when cell size is small and transmission power of cell edge UEs is much lower than max power. 
Proposal 1: The D2D resource pool should be regarded as transmission pool for partial coverage UEs which derive transmission timing from eNB and be regarded as only reception pool for out-of-coverage UEs which does not derive transmission timing from eNB though they receives D2DSS from partial coverage UE. 
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Figure 4: Case study when the max hop number is 3
In Figure 5, UE#1, UE#2 and UE#3 are DSSs to relay eNB timing reference to outside network coverage. UE#4 does not derive transmission timing and does not relay anymore as assuming that the max hop number is 4 in this scenario while it is 3 in Figure 4. There is still considerable region when accepting restriction of transmission at the region identified in Figure 4. For example, fortunately, UE#3 does not harm to UE#2’s receivers when UE#2 is restricted to transmit D2D signal in resources not D2D resource pool. Definitely, UE#3 does not harm to eNB due to long distance to eNB. However UE#3 may harm to UE#4’s receivers and vice versa. If we have techniques to handle operation between UEs having loose synchronization each other, we can utilize the region restricted to UE#3. However, in reality, ICI (inter-carrier interference) will be severe when synchronization error is larger than CP length. Therefore we should restrict to transmit for UE#2 and UE#3 in resources not D2D resource pool forwarded from eNB. Moreover, there may be a hidden node problem even in aligned D2D resource pool within UE#1, UE#2 and UE#3, specifically UE#2’s receiver side. If the hidden node problem is severe, we need priority handling, power control, or other interference mitigation schemes to the D2D resource pool as well. Based on these two case studies, we should consider fixing the max hop number for partial network coverage scenario.
Proposal 2: The maximum hop number is fixed to 3 for partial network coverage scenario, if we want resource usage efficiency and do not need complex channel access design to handle hidden node problem.
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Figure 5: Case study when the max hop number is 4
2.3 Further considerations
If the maximum hop number is not fixed, we have to study more complicated mechanism including priority handling, power control, hidden node problem handling, or etc. Power control can be simply designed because it does not need to consider channel access schemes which relate to other complex issues such as traffic type, collision handling, or control protocol for resource assignment. For example, power ramping up is a simple approach to avoid highly interfered situation.
Proposal 3: If the maximum hop number is configured to larger than 3, power control is required for partial network coverage scenario.
This study assumes that the range of D2DSS and PD2DSCH is the same. However, in general knowledge, the range of D2DSS may be longer than PD2DSCH especially if we allow much information included in PD2DSCH. Therefore we should discuss how to match the range of D2DSS and PD2DSCH in both transmission and reception perspectives.
Observation 5: The range mismatch between D2DSS and PD2DSCH should be discussed in both transmission and reception perspectives.
3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:
Observation 1: It is preferred to make in-coverage UEs perform measurement or scanning for efficient D2DSS transmission.
Observation 2: It is preferred to make partial coverage UEs perform periodic measurement or scanning and trigger to become synchronization source UE for efficient D2DSS transmission and low power consumption.

Observation 3: It is preferred to make out-of-coverage UEs perform periodic measurement or scanning and interference management subject to coarse synchronization condition.

Observation 4: Triggering condition to become synchronization source should be designed to avoid frequent change within synchronization sources with different timing references.
Observation 5: The range mismatch between D2DSS and PD2DSCH should be discussed in both transmission and reception perspectives.
Proposal 1: The D2D resource pool should be regarded as transmission pool for partial coverage UEs which derive transmission timing from eNB and be regarded as only reception pool for out-of-coverage UEs which does not derive transmission timing from eNB though they receives D2DSS from partial coverage UE. 
Proposal 2: The maximum hop number is fixed to 3 for partial network coverage scenario, if we want resource usage efficiency and do not need complex channel access design to handle hidden node problem.
Proposal 3: If the maximum hop number is configured to larger than 3, power control is required for partial network coverage scenario.
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