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1. Introduction

This paper presents a discussion related to the RAN2 LS on Gap handling for Discovery [R2-153983].

LS background

	In Rel-13 eD2D WI, to enhance performance of sidelink discovery operation RAN WG2 agreed to introduce gaps in Uu. RAN2 made following agreements:

· Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and intra-frequency cases for connected mode UEs

· eNodeB controls the gap configuration on a per UE basis 

· The gap created for discovery should take into account additional overhead (for synchronization and subframe offset) and interruption time for retuning.  The actual overhead and interruption time depends on RAN4 discussion.
· The UE can request gaps for discovery reception and/or transmissions.  In the request the UE can inform the eNB of the subframes (corresponding of the timing of the serving cell) on which the UE needs gaps for transmission and/or reception.  


Requested action from RAN4:
	RAN2 would like to request RAN4 to discuss details of additional overheads to be included in the sidelink gaps. Such additional overheads comprise the delay due to synchronization, subframe offset between serving carrier and ProSe discovery carrier, and interruption because of frequency re-tuning.


The purpose of this paper is to provide proposals required both to reply to the LS, and also for the RAN4 core specifications for the same. The paper is organized as follows:

· Section 2 presents further background on the LS
· Section 3 presents discussion for reply LS

· Section 4 presents discussion for RAN4 core requirements
2. Background
In Rel-13 eD2D, RAN2 agreed to introduce Gaps in Uu (reception and/or transmission) for discovery operation. It was agreed that Gaps supported for both intra-frequency case (discovery on PCell) and inter-frequency case (discovery on a non-serving cell). The UE will request the need for Gaps for each of the serving frequencies that may or may not be granted by the eNodeB. 
The Gaps are needed at least corresponding to the discovery subframes. Further, as RAN2 identified in the LS, the gaps also need to accommodate for the overheads associated with doing discovery. These include:
· Retuning Rx and/or Tx chains to the discovery carrier. If discovery is on the serving cell UL frequency, then retuning of Tx chain is not required. Rx retuning is required in all cases (for FDD bands) since we need to tune the receiver chain to the UL frequency.

Retuning the Tx/Rx LO will result in an interruption on all activated serving cells. Note that interruptions will be for all the active serving cells (PCell and SCell) whether or not a Gap is requested for that serving cell.
· Synchronization overhead. When discovery is on a serving cell, the serving cell timing and power control is used for discovery reception and transmission. When discovery is on a non-serving cell, the eNodeB can indicate the frequency to utilize for timing synchronization (and can be a serving frequency, discovery frequency, or any other frequency). 
Thus, for inter-frequency discovery, the Gap needs to account for the time required for the UE to get synchronized to the non-serving discovery carrier. This includes cell identification, time/frequency synchronization, and RSRP measurements for open loop power control (PL).
· Subframe offset between the serving and discovery carrier. When discovery is on a serving cell, the maximum subframe offset is limited by the maximum timing misalignment as allowed in CA (~33us). When discovery is on a non-serving cell, the subframe offset can be anything (+- 0.5ms, similar to asynchronous dual connectivity).
When discovery is on a serving cell (PCell/SCell), the timing misalignment of ~33us can be absorbed within the retune time / interruption. 
When discovery is on non-serving frequency, this paper discusses two signaling models for reporting the discovery resources and the resulting subframe offsets in each case:

a) UE reported: UE reports the serving cell subframes that overlap with the discovery subframes on the discovery carrier on which Gap is requested.

Note that for SIB acquisition, the UE expected to go to the discovery carrier and acquire the SIBs. No gaps are provided for that purpose and the idea will be that UE acquires the SIBS in DRX and uses them as long as the serving eNB indicates that SIBs have not changed. Thus the only interaction between eNBs is to notify if SIBs have changed (systemInfoValueTag). 
b) eNodeB reported: eNodeB broadcasts the discovery resources on the discovery carrier along with the offset between the two carriers. 
In the paper, we show that the requirement on the eNodeB is then to be able to accuracy report the SFN offset between the two carriers. The residual error (< 10ms) can be compensated for at the UE without the need to read the SIBs. However, the ambiguity of +-5ms does result in need for higher gap (10ms).
In the following section, we identify these overheads for the three cases

· Discovery on PCell (Section 3.1)
· Discovery on SCell (Section 3.2)
· Discovery on non-PCell/non-SCell frequency (Section 3.3)
3. Overheads required in Discovery Gaps

3.1. Discovery on PCell
Synchronization: When discovery is on a serving cell, the serving cell time, frequency, and open-loop power control is used for discovery transmission (and reception). Hence no additional synchronization time is required.
Retuning time: For Discovery on PCell, the UE is required to retune the receiver chain (or turn on a spare receiver chain) from PCell DL to UL for discovery reception. This operation is same as Rel-12, and the only addition in Rel-13 is the fact that the UE can also be configured with SCell. No retune is required for discovery transmission (UL of PCell).
Interruption due to retuning: Same as Rel-12, 1ms interruption is expected on all the activated cells due to retuning (or turning ON/OFF) a transmitter / receiver chain for discovery reception on PCell.
Subframe offset: No subframe offset.
Figure 1 below depicts the overheads associated with discovery on PCell.
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Figure 1: Overheads associated with discovery on PCell
Observation 1: Interruptions due to retuning or turning Rx/Tx chain ON/OFF are to all activated cells, and not just the cell on which Gap is requested.

3.2. Discovery on SCell

Synchronization: Similar to discovery on PCell, the serving cell (SCell in this case) timing/frequency/open-loop power control is followed.
Retuning time: For Discovery reception on SCell, the UE is required to retune the receiver chain (or turn on a spare receiver chain) from SCell DL to UL for discovery reception. For Discovery transmission, the UE may either need to retune the transmit LO (e.g., the one being used for PCell UL) to SCell UL frequency, or the UE may already have an active Tx chain on SCell UL (in case of UL CA). In either case, the Tx retune (or turning ON/OFF) can be done concurrent with receiver chain retune.

Interruption due to retuning: 1ms during Tx/Rx chain retune (or turning ON/OFF).

Subframe offset: Subframe offsets between PCell and SCell can be absorbed within the retuning time / interruption.

Figure 2 below depicts the overheads associated with discovery on SCell.
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Figure 2: Overheads associated with discovery on SCell
3.3. Discovery on non-PCell/non-SCell

For inter-frequency discovery, we subdivide the discussion into the two cases: (i) when the discovery resource on the inter-frequency are reported by the UE, (ii) when the serving eNB broadcasts the discovery resources on the other frequency. In this sub-section, we discuss the overheads associated with Discovery in both cases.

3.3.1. UE reports discovery resources 
Synchronization: When discovery is on non-serving frequency, the serving eNodeB can indicate the frequency to use for timing synchronization and open loop power control. 
When the indicated frequency is not a serving frequency (i.e., when UE PCell/SCell timing and power control), the UE is expected to synchronize the (strongest) cell on the indicated frequency for the same. When PCell/SCell timing is used for discovery transmission, no additional synchronization period is required for the purpose of timing synchronization. 
The purpose of synchronization time includes the following:

a) cell identification
b) time/frequency synchronization
c) RSRP measurement for open loop power control (PL). 
For (a) cell identification: If one-shot cell identification is desired prior the discovery period, then the additional overhead can be quite high (e.g., 
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 [TS 36.133]). Hence one-shot cell identification and measurement prior to discovery period is not feasible. The alternate is then to enable cell identification as a background process that takes place over multiple discovery periods. Thus the proposal is to have (at least) 6ms before each discovery period for cell identification. The UE behavior will resemble as that for inter-frequency cell identification in Connected DRX with DRX cycle equal to the discovery period. 

For the purpose of cell identification, we thus need the synchronization overhead to be at least 6ms

For (b) time / frequency synchronization: For an already detected cell, time and frequency synchronization requires using DL subframes for running time/frequency loops. The overhead time thus need to accommodate for settling times for AGC and CRS-based time/frequency tracking loops, and processing time before the acquired timing can be applied for discovery transmissions. Comparing with legacy operation, this resembles the interruption time for inter-frequency handover to a known cell (Tsearch = 0ms) defined in 5.1.2.1.2:

	Excerpt from TS 36.133, Section 5.1.2.1.2:

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt


Tinterrupt = Tsearch + TIU + 20 ms
Where:

· Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

· TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.

NOTE: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.


The UE operation is thus similar to the case of inter-frequency handover with known cell (Tsearch = 0ms) and ignoring TIU as it is not applicable for this case. Thus, based on current specification, the synchronization overhead needed for time/frequency synchronization and DL measurements is 20ms.
For the purpose of time/frequency synchronization, we thus need synchronization overhead to be at least 20ms. 

For (c) RSRP measurements, the same set of DL subframes used for time/frequency synchronization can be used for calculating the open loop power for discovery transmissions. 
Overall, the synchronization overhead is then dominated by the time needed for time/frequency synchronization. We thus propose a synchronization overhead of 20ms consistent with the current specifications. 
Retuning time: For discovery reception, 3 receiver retunes are required: (i) serving cell DL to discovery carrier DL (for synchronization), (ii) discovery carrier DL to discovery carrier UL (for discovery reception), and (iii) discovery carrier UL to serving cell DL (after discovery ends). The timeline of retune occasions are depicted in Figure 3 below.
For discovery transmission, the retune of transmit LO can be done concurrent with receiver LO retune. 

For the retune occasions, we note that there is a choice if these are defined: 
i. synchronous to serving cell timing, or 

ii. asynchronous to serving cell timing
If synchronous to serving cell timing, then interruptions are only 1 subframe per retune. However, the Gap needs to be extended by 1 subframe to ensure the desired number of DL subframes on the discovery cell are not affected by the retune. If retunes are allowed to be asynchronous to serving cell timing, the Gap duration can be optimized  by 1 subframe, however, the interruptions to serving cell(s) will be 2 subframes per retune. In the tradeoff between double the interruptions vs. Gap larger than 1 subframe, we propose to define Gaps assuming retuning is allowed synchronous to serving cell timing.
Interruption due to retuning: 1ms during Tx/Rx chain retune (or turning ON/OFF). Total of 3 retunes are required within the Gap.
Subframe offset: Since the discovery resources are reported by the UE in this case, the ambiguity is <1ms due to misaligned subframe timing between serving cell and discovery carrier.

Figure 3 below depicts the overheads associated with discovery on non-PCell/non-SCell with UE reported resources.
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Figure 3: Overheads associated with discovery on non-PCell/non-SCell with UE reported discovery resources
Observation 2: For discovery on non-serving cell, synchronization includes cell identification, time and frequency synchronization, and RSRP measurement for power control. 
Observation 3: For the purpose of cell identification, one-shot synchronization prior to discovery period is not feasible as it will result in large Gap. The alternate is to enable cell identification as a background process that takes place over multiple discovery periods.
Observation 4: Gaps can be defined to allow for Rx/Tx chain retuning to be either synchronous or asynchronous to serving cell timing. 
3.3.2. Serving eNB broadcasts discovery resources 

For synchronization, retune time, and interruptions the discussion presented in the previous subsection applies.
The only difference between the two cases (UE reporting discovery resource versus serving eNodeB broadcasting the discovery resources) is with regard to subframe offset. In the UE reported case, the accuracy is less than 1ms. However, for eNodeB reported case it’s unclear that such accuracy can be attained since it enforces a tight coordination among the two basestations (that may be for uncoordinated PLMNs as well). As a reference point, in Rel-12 we assumed +-5ms accuracy for asynch-discovery resources. 

Thus we first answer the fundamental question on the minimum required accuracy that cannot be resolved at the UE when eNodeB reports the discovery resources of the inter-frequency discovery carrier. The subframe offset possible is then simply the inaccuracy allowed in the reporting. 
Question: What is the minimum required accuracy that cannot be resolved at the UE when eNodeB reports the discovery resources of the inter-frequency discovery carrier?
Answer:  +-5ms (same as Rel-12 asynch discovery assumption). More accurately, the residual offset needs to be within 10ms (e.g., [-5 5)ms). Thus the eNodeB is required to accurately report the SFN offset between two cells and the residual timing offset of [-5 5)ms can be resolved at the UE. This is because the synchronization window of 6ms prior to discovery can be used to resolve the frame boundary on the discovery carrier.
As an example, consider the following case:

· Serving cell on f1, Discovery on f2

· Discovery subframe: 165 on discovery cell on f2
· Serving eNodeB broadcasts discovery information for f2 along with the information that the SFN offset is 14 with accuracy of [-5 5)ms.
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Figure 4: Illustrative example to show that minimum accuracy requirement of +-5ms is required for for serving eNB reported discovery resoruces when discovery is on non-PCell/non-SCell.
Since the UE knows that the accuracy is [-5 5ms), the UE needs to know the frame boundary 5ms prior to 165-140, i.e., prior to start of SFN_ 2 (on serving cell timing in this case). Hence the synchronization window of 6ms is placed at [discovery resource – 5ms - SFN offset]. The UE can then detect the PSS/SSS to get both the timing and the frame boundary for SFN_16 of discovery cell as depicted in the Figure 4.

Thus the minimum accuracy requirement for eNB reported resources to work is that the SFN offset is known accurately. Additionally, the actual range of the residual offset needs to be specified, e.g., [-5,5)ms or [0, 10)ms, that can be assumed at the UE.
Figure 5 below depicts the overheads associated with discovery on non-PCell / non-SCell with serving eNB reported discovery resources along with SFN offset and residual offset of [-5,5)ms.
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Figure 5: Overheads associated with discovery on non-PCell/non-SCell when serving eNodeB reports discovery resources along with SFN offset and residual offset of [-5,5)ms.

Note that the last retune from discovery UL to serving DL is still fixed kept at +5ms offset from the discovery subframes. If the residual subframe offset is less than +5ms, then the UE will be done with the discovery operation before this subframe and could potentially retune back to serving DL. However, in this case, the interruption location will become unknown within the Gap and will be 2ms if done asynchronous to serving cell timing (similar to DC). While it is feasible to allow for UE to do the last retune anywhere within the Gap (based on the actual offset observed), in this paper we choose to keep the interruption location fixed at the end of the Gap.
Observation 5: For discovery on non-serving cell with serving eNB reported resources, the SFN offset also needs to be reported accurately. Additionally, the actual range of the residual offset that can be assumed at the UE needs to be specified, e.g., [-5,5)ms or [0, 10)ms.
3.3.3. Summary of discovery offset and other details

The following proposal summarizes the overheads associated with discovery in all the cases.

Proposal 1: Table 1 summarizes the overheads required to be accommodated in the discovery Gaps.
Table 1: Overheads requirement in Discovery Gaps

	Discovery on a serving cell (PCell/SCell)
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Total Gap: Discovery subframes + one subframe each before and after discovery subframes

	
	Synchronization
	None

	
	Subframe offset
	None

	
	Retune/Interruption
	1 subframe before and after discovery subframes

	Discovery on non-serving cell - with UE reported discovery resources
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Total Gap: Subframes overlapping with discovery subframes + (3 for retune) + (up to 20ms for synchronization) 

	
	Synchronization
	(up to) 20ms

	
	Subframe offset
	1 subframe (due to mismatch in subframe timing). 

	
	Retune/Interruption
	1 subframe before+after subframe that overlap with discovery subframes;
1 subframe at start of Gap

(Total of 3 subframes within Gap)

	Discovery on non-serving cell – with serving eNB reported discovery resources with accuracy of +-5ms
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Total Gap: Discovery subframes + (10ms subframe offset uncertainty) + (3 for retune) + (up to 20ms for synchronization).

	
	Resource pool reporting assumption
	eNodeB reports discovery resources along with SFN offset w.r.t. serving cell such that residual offset is [-5,5)ms.

	
	Synchronization
	(up to) 20ms

	
	Subframe offset
	+-5ms (based on the assumption above).

	
	Retune/Interruption
	1 subframe that is 5 subframes each before+after subframe discovery subframes;

1 subframe at start of Gap

(Total of 3 subframes within Gap)


Observation 6: Synchronization offset is required only when a non-serving carrier is configured to be used for discovery synchronization.
4. Impact of Discovery Gaps on RAN4 requirements

In this section, we discuss the impact of Discovery Gaps on RAN4 RRM core requirements.

Topic 1: Interruptions due to retune

The LS sent by RAN2 indicates that the Gap definition will include the required overheads – synchronization, Tx/Rx retune, and subframe offset. As noted in Observation 1, the interruption due to Rx/Tx chain retune will however also affect all active Tx/Rx chains. Hence the interruption to Uu is for all the activated carriers, and not just the carrier on which Gap is requested.
Further discussion on interruptions is presented in our companion contribution R4-15
Observation 7: RAN2 expected to include the overheads in the Gap definition. 

Proposal 2: Interruptions to all activated carriers (and not just the carrier on which Gap is requested) should be specified as a part of RRM core requirements.

Topic 2: Impact on inter-frequency / inter-RAT measurements

The Gaps for discovery can also collide with measurement gaps for inter-freq / inter-RAT measurements. However, to not impact the mobility performance, we propose that the UE is required to still meet the existing inter-frequency / inter-RAT measurement. In case of conflict, this will require the UE to prioritize WAN RRM measurements over Discovery.
Observation 8: Discovery Gaps may collide with measurement Gaps for inter-freq / inter-RAT measurements.

Proposal 3: In case Discovery Gaps conflict with measurement Gaps, the UE will be expected to prioritize WAN RRM measurements over Discovery (if required) to meet the existing inter-frequency / inter-RAT measurement requirements.

5. Conclusions

In this contribution, the following observations and proposals are made for Gap handling for Discovery:
(General observations for Gaps)

Observation 1: Interruptions due to retuning or turning Rx/Tx chain ON/OFF are to all activated cells, and not just the cell on which Gap is requested.

Observation 2: For discovery on non-serving cell, synchronization includes cell identification, time and frequency synchronization, and RSRP measurement for power control. 

Observation 3: For the purpose of cell identification, one-shot synchronization prior to discovery period is not feasible as it will result in large Gap. The alternate is to enable cell identification as a background process that takes place over multiple discovery periods.
Observation 4: Gaps can be defined to allow for Rx/Tx chain retuning to be either synchronous or asynchronous to serving cell timing. 

(Discovery on non-serving cell with eNB reported resources – accuracy requirement)

Observation 5: For discovery on non-serving cell with serving eNB reported resources, the SFN offset also needs to be reported accurately. Additionally, the actual range of the residual offset that can be assumed at the UE needs to be specified, e.g., [-5,5)ms or [0, 10)ms.
(Overheads for Discovery)
Proposal 1: Table below summarizes the overheads required to be accommodated in the discovery Gaps.

Table 2: Overheads requirement in Discovery Gaps

	Discovery on a serving cell (PCell/SCell)
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Total Gap: Discovery subframes + one subframe each before and after discovery subframes



	
	Synchronization
	None

	
	Subframe offset
	None

	
	Retune/Interruption
	1 subframe before and after discovery subframes

	Discovery on non-serving cell - with UE reported discovery resources
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Total Gap: Subframes overlapping with discovery subframes + (3 for retune) + (up to 20ms for synchronization) 

	
	Synchronization
	(up to) 20ms

	
	Subframe offset
	1 subframe (due to mismatch in subframe timing). 

	
	Retune/Interruption
	1 subframe before+after subframe that overlap with discovery subframes;

1 subframe at start of Gap

(Total of 3 subframes within Gap)

	Discovery on non-serving cell – with serving eNB reported discovery resources with accuracy of +-5ms
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Total Gap: Discovery subframes + (10ms subframe offset uncertainty) + (3 for retune) + (up to 20ms for synchronization).

	
	Resource pool reporting assumption
	eNodeB reports discovery resources along with SFN offset w.r.t. serving cell such that residual offset is [-5,5)ms.

	
	Synchronization
	(up to) 20ms

	
	Subframe offset
	+-5ms (based on the assumption above).

	
	Retune/Interruption
	1 subframe that is 5 subframes each before+after subframe discovery subframes;

1 subframe at start of Gap

(Total of 3 subframes within Gap)


Observation 6: Synchronization offset is required only when a non-serving carrier is configured to be used for discovery synchronization.

(Impact on R4 specifications)
Observation 7: RAN2 expected to include the overheads in the Gap definition. 

Proposal 2: Interruptions to all activated carriers (and not just the carrier on which Gap is requested) should be specified as a part of RRM core requirements.

Observation 8: Discovery Gaps may collide with measurement Gaps for inter-freq / inter-RAT measurements.

Proposal 3: In case Discovery Gaps conflict with measurement Gaps, the UE will be expected to prioritize WAN RRM measurements over Discovery (if required) to meet the existing inter-frequency / inter-RAT measurement requirements.
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