3GPP TSG-RAN WG4 #74
R4-150205
Athens, Greece, Feb. 9th – Feb. 13th, 2015.

Agenda item:
6.6.3.1
Source: 
Qualcomm Incorporated
Title: 
Overview of latest RAN1/2 agreements
Document for:
Approval
1. Introduction

In this contribution, we provide a brief discussion on some of the latest RAN1/2 agreements that are relevant to RAN4 RRM requirements. This paper serves as a continuation of our prior overview paper R4-145188.
In this paper, we provide an overview of the latest agreements on the following aspects:

· D2D transmission timing

· D2D synchronization requirements: signal design and procedure
2. Discussion on latest RAN1/2 agreements
2.1. Topic 1: D2D transmission timing

As listed in R4-145188, either the uplink or the downlink timing is employed for D2D transmissions depending on the D2D channel / signals. At the time R4-145188, the transmission timing (UL or DL) for few channels was still FFS. Since then, RAN1 has agreed that all D2D channels use DL timing, except for Mode 1 data for D2D communications that is transmitted using UL timing.

Observation 1: The latest RAN1 agreement on transmission timing is consistent with RAN4 agreement and specification wording.

2.2. Topic 2: D2D synchronization: signal design and procedure

Many agreements on D2D synchronization have been made since the last overview paper in R4-145188. RAN1 has summarized those agreements in the LSs R1-145298 and R1-145478 sent to RAN4.

Further, we have provided a brief summary of the signal design and procedure in our companion contributions R4-150189 and R4-150201, respectively, as appendices. The summary is repeated below for completeness.
Synchronization signal design

Figure 1 and Figure 2 below depicts the subframe with transmission of synchronization signals (PSSS/SSSS/PSBCH) for D2D communications and D2D discovery, respectively. Comparing with legacy synchronization signals, PSSS is analogous to PSS, SSSS is analogous to SSS, and PSBCH is analogous PBCH. 
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Figure 1: Sub-frame with transmission of synchronization signals (PSSS/SSSS/PSBCH) for D2D communications 
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Figure 2: Sub-frame with transmission of synchronization signals (PSSS/SSSS) for D2D discovery
PSSS (Primary Sidelink Synchronization Signal)

· Sequence: PSSS are Rel-8 PSS (Zadoff Chu) sequences, and new root indices {26,37} are used. 
· Waveform: SC-FDM without DFT-precoding.

· Physical mapping: PSSS sequences are of length 62 are centered on d.c. PSSS is transmitted on two symbols per subframe as shown in Figure 1. The two symbols with PSSS are adjacent and specified as follows:

· Normal CP: l = 1 and 2 in the first slot
· Extended CP: l = 0 and 1 in the first slot
SSSS (Secondary Sidelink Synchronization Signal)
· Sequence: is same as Rel-8 SSS (M sequence) of length 62. There are a total of 336 SSSS sequences divided into two sets of 168 sequences each corresponding to an in-coverage set and an out-of-coverage set.

· Waveform: SC-FDM without DFT-precoding with reduced power with respect to PSSS.

· Physical mapping: SSSS sequences are of length 62 are centered on d.c. SSSS is transmitted on two symbols per subframe (with SF0 sequence of Rel-8 SSS sequence transmitted on both the symbols) as shown in Figure 1. The two symbols with SSSS are adjacent and specified as follows:

· Normal CP: l = 4 and 5 in the second slot
· Extended CP: l = 3 and 4 in the second slot
Synchronization procedure for D2D communications
· SLSS is transmitted with a periodicity of 40ms, and under the following side conditions

· When UE is in-coverage and RRC_CONNECTED, and syncSourceControl is configured to TRUE by the eNodeB using dedicated RRC signaling

· When UE is in-coverage, syncSourceControl is not configured and syncTxThreshIC is provided in SIB18, and the RSRP of the serving cell is below syncTxThreshIC, and the UE is also transmitting SA and Data.

· When UE is out-of-coverage, and syncTxThreshOCC is preconfigured, and S-RSRP of the SyncRef UE is below syncTxThreshOCC, and the UE is also transmitting SA and Data. This also includes the case when the UE does not see any SyncRef UEs and becomes an independent synchronization source using its own timing.
· The system has two subframes/synchronization resources every 40ms for the transmission of SLSS, indicated using sync-OffsetIndicator1 and sync-OffsetIndicator2. One resource is used for in-coverage UEs (i.e., sync-OffsetIndicator = sync-OffsetIndicator1 or sync-OffsetIndicator2), while both can be used for out-of-coverage UEs.
· In-coverage UEs use the resource configured in the SIB or via dedicated RRC signaling.
· An out-of-coverage UE synchronized to another SyncRef UE (in-coverage or out-of-coverage) uses the resource other than the one used by the SyncRef UE for its SLSS transmissions.

· An out-of-coverage UE that is transmitting SLSS as an independent synchronization source is preconfigured with the resource to use / randomly selects from the preconfigured resources.
· For SyncRef UE selection / reselection, the following priorities have been defined
· P1: eNodeB

· P2: SyncRef UE that is synchronized to eNB 
· i.e, SyncRef UE with SLSS ID within 0…167, in-coverage bit set to ‘1’

· P3: SyncRef UE that is synchronized to a P2-priority SyncRef UE 

· i.e., SyncRef UE with SLSS ID is within 0…167, in-coverage bit set to ‘0’

· P4: Other SyncRef UEs

· i.e., Syncref UE with SLSS ID is within 168…335

· Among SyncRef UEs at same priority level, a higher priority for selection/reslection is given to the SyncRef UE with higher S-RSRP. The hysteresis and reselection time used by the UE in this case, however, is left to UE implementation.
The following figure depicts the synchronization procedure showing the SLSS and resource selection for various priority levels.
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Figure 3: Illustration of SLSS transmission from synchronized SyncRef UEs

2.3. Topic 3: D2D discovery reception and interruptions to WAN
In RAN2 #88, it was agreed that D2D discovery reception should not affect normal reception (i.e., reception in Idle periods or using spare receiver), overturning the RAN1 agreement in this regard that allowed UEs with single receiver chain to tune the receiver between DL and D2D reception, and being unavailable during D2D subframes. 

This agreement is captured in RAN2 CR to 36.331 [R2-145302] as follows:

	A UE capable of Prose Direct Discovery that is configured by upper layers to monitor ProSe Direct Discovery announcements shall:

1>
receive Prose Direct Discovery announcements without affecting normal operation i.e. receive during idle periods or by using a spare receiver;

NOTE 1:
The requirement not to affect normal UE operation also applies for the acquisition of system information from the Prose carrier.


Thus two UE behaviour are possible:
a. For D2D UEs with single receiver chain, D2D discovery reception can be performed only in RRC_IDLE and RRC_CONNECTED DRX periods. Additionally RAN4 has already agreed that in such cases, no interruptions are allowed to paging reception (for IDLE) and during the OnDuration (for CONNECTED DRX).

b. For D2D UEs with spare receiver chain, D2D discovery reception can be done in any RRC state (similar to baseline for D2D communications). Additionally RAN4 agreements on interruptions capture with such UE operation when the spare receiver is switched ON/OFF for Discovery reception.
It should be noted that RAN2 agreement is for long-term UE behaviour (i.e., UE is not permitted to skip DL reception during D2D discovery subframes if in RRC_CONNECTED non-DRX), and not for the transient (interruptions) UE behaviour. 
Thus, with the above RAN2 agreement, the impact to WAN is negligible and is only during interruption when the UE turns ON/OFF its spare receiver chain for D2D discovery reception. 

It should also be noted that there is no UE capability or RRC signalling to indicate to the eNodeB if the UE supports either (a) or (b) above, hence the existing agreements in RAN4 on interruptions are consistent.
Discussion on Interruptions due to D2D Discovery reception
As agreed in RAN4, the interruptions were allowed for 1 subframe before and after a discovery subframe. In the prior meeting, a concern was raised if additional constraint on the number of interruptions should be enforced. Hence in this following discussion, we present our view on this topic. 
Since the discovery resource is configured by the eNodeB, the location and number of allowed interruptions is known at the eNodeB. The figure below shows how the discovery (time) resources are configured by the eNodeB:
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· discoverySubframeBitmap: is a bitmap that indicates the D2D subframes (for FDD, size of bitmap = 40).
· numRepetition: indicates how may time the above bitmap is repeated (for FDD, allowed values are 1 through 5). 
· discoveryPeriod: indicate the periodicity of the discovery subframes, with supported values of {32, 64, 128, 256, 512, 1024} radio frames
Thus the configurations are tailored towards cluster of discovery subframes that repeat in time with a low periodicity. Further, the repeated bitmap (discoverySubframeBitmap x numRepetion) deterministically identifies the allowed subframes on which the interruptions are allowed. 

	Example:

	Following is a plausible eNodeB example configuration that is consistent with the simulation assumptions sued in RAN1 and RAN4 studies, i.e., 64 subframes every 10 seconds.

· discoveryPeriod = 1024 radio frames
· discoverySubframeBitmap = ‘00111111 11111111 11000011 11111111 11111100’
· numRepetition = 2.
In the above example, we have 4 WAN only subframes interleaved after 16 contiguous discovery subframes, and a total of 64 subframes for discovery. 

As per RAN4 agreements, in the above configuration 8 interruptions every 10seconds will be allowed, i.e., 0.078%. Further the location of the interruptions is known as shown by the highlighted subframe in the discoverySubframeBitmap below:

discoverySubframeBitmap = ‘00111111 11111111 11000011 11111111 11111100’


From the above discussion and observation, the following observation is made:

Observation 2: The interruptions (number and location) due to discovery are deterministically known at the eNodeB (even for asynch inter-cell discovery).
Given the low fraction and deterministic location of the interruptions, our view is no further clarification / constraints are required for interruptions due to D2D discovery in the RAN4 RRM specifications. 

In the above example, it can be argued that the power saving from switching the spare receiver OFF for 4 subframes in the middle of the discovery allocation will likely not yield a lot of power savings, given the low periodicity of allocation. Hence, if companies prefer, a compromise tightening of the current agreement on interruptions for D2D discovery can be as follows:

· Additionally, the UE shall not cause interruptions to more than [2] subframes any [20ms] interval.
3. Conclusions

In this contribution, we provide a brief discussion on some of the latest RAN1/2 agreements that are relevant to RAN4 RRM requirements. We made the following observations on how the existing RAN4 agreements relate to the latest RAN1/2 agreemetns.
Observation 1: The latest RAN1 agreement on transmission timing is consistent with RAN4 agreement and specification wording.
Observation 2: The interruptions (number and location) due to discovery are deterministically known at the eNodeB.
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