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1
Introduction
[5] LAA study item has been agreed and corresponding work has been already started in RAN1. In this paper we provide an overview of the study item and generic remarks related to impacts of LAA to RAN2.
2
Overview of Study Item 
Main motivation of study is to see if using LTE on unlicensed spectrum is feasible and beneficial – Unlicensed spectrum could provide wide bandwidths to complement operator offerings, but as life is not simple one just cannot simply place LTE on unlicensed spectrum due to several regulatory requirements that can affect usage of LTE – for example Listen-Before-Talk (LBT) can have impacts to LTE in order to avoid significantly impacting other radios on unlicensed bands. 

From the study item [5] main objectives from RAN2 perspective seem to be:
· Using carrier aggregation (dual connectivity is not included in the [5]) 

· No standalone LTE-U operation

· Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements
· Downlink usage of LTE-U was deemed as high priority
· Both single and multi operator LAA scenarios should be handled

In order to minimize the work the guidance in the [5] emphasizes that one should reuse features of LTE as much as possible.  
3
Reusing Carrier Aggregation Framework 
As already indicated in [5] using carrier aggregation is one of the main objectives to make usage of unlicensed spectrum. In this chapter we give short overview regarding usability of CA for LAA purposes. 
In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated in order to support contiguous or non-contiguous wider transmission bandwidths. The RRC provides appropriate signaling to configure currently up to 5 serving cells (one PCell and up to 4 SCells) – As such using LTE-U could be just an another serving cell on different band – As RAN2 signaling is mostly band agnostic in principle existing carrier aggregation configurations should work as such. Of course if WGs identify some special configurations required for unlicensed spectrum those need to be enabled in the regular carrier aggregation signalling. If the study concludes that one will only use downlink of unlicensed band it will not either provide problems for CA signalling as DL and UL can be independently configured for CA purposes. 

Observation 1: Existing CA configuration provides good framework for enabling usage of unlicensed spectrum

Due to regulatory requirements it is not currently clear if LAA will provide any system information signalling but this should not be a big issue from CA usage point of view as currently it is up to NW to ensure UE is provided up to date system information for any SCell(s). 

Observation 2: possible lack of system information on LAA is not issue from carrier aggregation point of view due to network requirement to keep SI up to date via dedicated signalling

As the UE is not required to monitor SI changes for SCells or receive normal paging messages it seems also that possible absence of paging message would not be an issue

Observation 3: lack of paging channel should not be an issue from carrier aggregation point of view

In addition when considering usage of carrier aggregation one needs to start considering feasibility of some features that are designed for CA:
· Activation/Deactivation of an SCell: There does not seem to be any specific problem of using activation/deactivation for LAA

· UE capability signaling is already now quite extensive and complex – LAA does not seem to bring any extra new issues for this and framework for UE capability signaling should work 

· Ongoing WI of >5CCs and Dual PUCCH: One needs to bear in mind that coexistence of ongoing WIs should be also thought out – although there should not be really any specific issues related to LAA 

Proposal 1: As a baseline consider existing CA functionalities to be applicable for LAA usage
But life is not easy – There will be several issues for LAA usage and in following chapters we provide an overview of possible impacts to RAN2. 
4
Impacts of Listen-Before-Talk (LBT a.k.a. CCA) protocol 
In [7] ETSI regulations related to channel access mechanisms were discussed with following summary:
· Channel access is in principle only possible after successful dynamic frequency selection (DFS) for bands requiring DFS (i.e. 5.25-5.35 & 5.47-5.725 GHz)
· Frame based Equipment (FBE)

· Operates periodically, based on some defined fixed frame timing

· The node is to perform ≥20us clear channel assessment (CCA) before starting a transmission at a fixed point in time

· The fixed frame period consists of channel occupancy time and idle period.

· The channel occupancy time can be within the range from 1 – 10ms.

· The idle periods needs to be ≥5% of the channel occupancy time

· (CCA can be performed during the idle period)

· Load based Equipment (LBE)

· Channel access is not limited to fixed frame timing (in contrast to FBE)

· The maximum channel occupancy time is limited to q*13/32ms, where q is a value to be chosen in the range of q([4,..,32]. Therefore, the maximum channel occupancy time for LBE in general comes to 13ms (with q=32).  

· The node is to perform CCA - or if the channel found occupied and after finalizing some transmissions an extended clear channel assessment (eCCA)

· The maximum eCCA observation time is given by q*20us
· The actual maximum eCCA is given by rand[1,q]*20us
· The required minimum idle time is limited only by the TX-RX and RX-TX switching times and the needed time for CCA/eCCA.

· Short control signalling transmissions

· Can be used to transmit short control messages without the need to perform LBT/CCA.

· A maximum duty cycle of 5 % within an observation period of 50ms is allowed
· Allowed in combination with frame based (FBE) as well as load based equipment (LBE) operation
From [8] one can find corresponding regulatory requirements for Japan summarized also in Table I. In addition, it should be noted that the Japanese regulatory requirements do not allow short control signalling transmissions.
Table I. Summary of basic regulatory requirements in Japan

	Frequency
	5.15-5.25 GHz
	5.25-5.35 GHz
	5.47-5.725 GHz

	Deployment location
	Limited to indoor
	Indoor and outdoor

	Channel bandwidth
	20/40/80/160 MHz

	Maximum output level
	200 mW (10/5/2.5/1.25 mW/MHz for 20/40/80/160 MHz)

	Maximum e.i.r.p.
	10/5/2.5/1.25 mW/MHz for 20/40/80/160 MHz
	50/25/12.5/6.25 mW/MHz for 20/40/80/160 MHz

	Carrier sense
	Required

	Maximum burst length
	4 ms

	DFS, TPC
	Not required
	Required for access points (APs)


These requirements will have impacts to RAN2 procedures as well which are studied in more detail in following chapters:
4.1
HARQ 

Hybrid ARQ (HARQ) for carrier aggregation assumes that retransmissions are always done on the same component carrier as the initial transmission. The same applies to dual connectivity. Due to LBT requirements it is not always possible to retransmit on the same carrier within a reasonable time. Therefore, several companies in RAN1 are proposing to allow HARQ retransmissions on different component carrier. This would naturally require changes to RAN2 specs, too. Therefore, this should be carefully discussed also in RAN2. 
Proposal 2: RAN2 should discuss pros and cons of allowing cross carrier HARQ retransmissions, i.e., retransmissions on a different carrier.

UL HARQ in Rel-12 is synchronous, i.e., the retransmission is transmitted after a fixed delay and therefore, LBT would be especially difficult for UL HARQ: if retransmission opportunity is missed, the next one is only after the fixed delay. Due to this, some companies in RAN1 are proposing to introduce asynchronous HARQ also for UL. This would naturally require that HARQ process ids are introduced for UL HARQ and UL grant should include that HARQ process id. Furthermore, this would in practice also mean that non-adaptive HARQ cannot be supported in UL due to LAA.
Proposal 3: RAN2 to discuss (as a lower priority topic) the applicability and the required changes of UL asynchronous HARQ and UL non-adaptive HARQ for LAA. 
4.2
Cell search and Measurements 

Since the cell search and UE RRM measurements only require UE to listen, not transmit, it is expected that the actual time available for measurements would be unchanged due to LAA – even when LBT would instruct UE not to transmit in the SCell carrier, reception and hence measurements would still always be possible. Further, since LAA cells are all assumed to be SCells they are not subject to measurement restrictions due to eICIC measurement patterns.

Observation 4: UE can always try to measure the LAA carrier regardless of LBT.

However, given the transmission restrictions that also apply for eNBs on LAA carrier, it is clear that the synchronization channels and reference symbols may not always be transmitted. In that respect, it can be observed that since the LBT does impact the transmission of PSS/SSS/CRS/CSI-RS, the UE measurement procedure will be impacted.

Observation 5: Because the LBT may limit the availability of PSS/SSS/CRS/CSI-RS transmission from eNBs on LAA carrier(s), the UE cannot always assume the presence of synchronization signals and reference symbols.

On/Off-procedures with LAA

Considering observation 2, we see that this is in fact similar to how the measurements are done when cell on/off procedures are configured in Rel-12: UE is assigned a measurement pattern that it uses to measure (deactivated) neighbour cells on a carrier, and it cannot assume presence of any signal from the said cells outside the measurement pattern. Additionally, if the SCell of the carrier is deactivated, it is assumed that the same applies also for the SCell. Hence, this can be the baseline for LAA operation in RAN2, even if it is likely that some modifications are required for the SCell measurements since we expect that the LAA SCell would still be activated when it is used (as discussed in chapter 3).

Observation 6: The Rel-12 on/off procedure provides baseline for Rel-13 LAA operation.

Observation 7: The on/off – procedure may require modifications to ensure UE measures also active SCells during the given measurement pattern.

One additional aspect is whether the LAA measurements would be needed only in RRC_CONNECTED or also in RRC_IDLE: Given that the whole LAA framework is expected to reuse the CA framework, we can conclude that the UE measurements of LAA carriers are not necessary for RRC_IDLE UEs.

Observation 8: The measurements of LAA carriers are necessary only for RRC_CONNECTED UEs.

Short Control Symbols (SCS), Reservation Signal and RRM measurements

In ETSI regulation, a special exception for short control signalling (SCS) transmissions without LBT is made. The SCS allows maximum duty cycle of 5% of the time during a 50 ms period. SCS is only mentioned in ETSI regulation, but it seems possible to utilize the same principles in most countries, most notable exception being Japan. SCS would allow transmitting regularly some discovery signals or other RS needed for RRM measurements. However, aligning with regulatory limits may require redesign of the RS transmissions from RAN1 perspective, which may lead to RAN2 impacts.
Another particular aspect being discussed in RAN1 is the use of reservation signals to ensure LBT is able to reserve a channel when necessary. An example of this is illustrated in Figure 1 below.
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Figure 1: Illustration of the principle for a Reservation Signal.

Depending on RAN1 design, the UE might be able to measure or utilize the reservation signal or SCS also for RRM measurements. Also, there are some obvious additional aspects to consider for the RRM measurements:

· Are additional measurement restriction patterns (similar to eICIC) required, since it is expected that e.g. CRS are not transmitted on all subframes in LAA carrier?

· Can UE do RRM measurements during the SCS/reservation signal?

· Do we need (yet another) RSRQ type for the LAA, since the interference might be different due to WLAN and discontinuous LBT transmissions (due to e.g. the hidden node problem)?

· Is RSRQ even needed for LAA, i.e. are only intra-frequency measurements needed (in which case RSRP ~= RSRQ for cell comparisons)?

We would note that given the discussion in RAN1 is still far from completed and it is up to RAN1 to define how the measurement definitions are created, we think RAN2 should still wait for input from RAN1 before proceeding on any measurement related aspects related to the SCS. Further, we expect the RAN4 impacts to be larger than RAN2 impacts, so guidance from RAN4 would also be valuable to RAN2 on how to progress the work for the measurement framework. For now, it seems possible to start the work by assuming we can reuse the measurement framework related to on/off measurements also for LAA.

Proposal 4: Wait for RAN1 to conclude on the SCS/Reservation signal/RSRQ aspects before further discussing in RAN2 about the signalling and procedures for measurements.
Proposal 5: Utilize the On/Off-procedures and measurement framework for LAA as baseline.
4.3
Cell identity and system information
In R13 LAA it is assumed that the component carriers on unlicensed band are only usable as the Scells together with a Pcell on the licensed band. Following this assumption, it is evident that the carriers on the unlicensed band are Scells for all UEs and hence there is no need to transmit System Information on the LAA component carriers on the unlicensed band.

Observation 9: System Information is not assumed to be transmitted on the LAA Scell in the R13 Study item.

Apart from the System Information transmission in the Scell, there may be a need to have some signals on the LAA Scell carrier, the signals of which allow the UE to recognize that the component carrier belongs to the same LAA network as the Pcell which UE is receiving on the licensed carrier. On licensed band such identification is done by the Physical Cell Identity (PCI) which is derived from synchronization channels and PCI collisions (i.e. two neighbouring eNBs having the same PCI) is not assumed to happen. In the unlicensed band there is no guarantee of this because it is possible that two eNBs of two different networks have accidentally selected the same PCI if there is no PCI coordination across different networks. 

With existing mechanisms network could resolve PCI collision issued by e.g.:

1. NW may request UE to provide information from SIB1 to uniquely identify a cell.

a. Unfortunately in LAA it is not yet clear whether SIB1 (or some sufficient information to uniquely identify a cell) is provided by the LAA cells.
2. LAA cell may utilize CSG style listening procedure where it checks which PCIDs it can hear and avoids choosing one of those. 
a. This works locally but does not provide unique PCID under whole PCell if PCell is much bigger than LAA cell, i.e. LAA cell may not be able to hear the whole coverage area of PCell to see possible PCID collision with another LAA cell (hidden node problem).
3. PCell listening to LAA cell PCIDs
a. LAA cell at the coverage edge of PCell may not be detectable by the PCell, i.e. the same problem as in (2.)

4. Operators coordinate PCID usage e.g. different operators use different pools of PCIDs. 
a. This could be simple way but it is not clear if this is feasible 

5. Trial and Error
a. NW just configures a LAA cell and starts transmission there. If UE does not respond UE is somewhere else and one can just deconfigure LAA cell from the UE. This could work decently well especially if PCID collision is not frequent. 
As shown above there seems to be already now several different mechanisms that could be used (at least with slight modifications) to cope with PCID collision problem but it is not clear if these are sufficient mechanisms.
Proposal 6: Discuss in RAN2 whether existing mechanisms would be sufficient for resolving PCI collision for LAA cells
If this is not found sufficient one may need to define new procedures for LAA component carrier: 

1) include to the Scell component carrier some network identification information or network identification signal and use e.g. SIB reading request type of procedure to retrieve it in case of possible PCI confusion
2) to introduce mechanism to sufficiently isolate the signals of the different networks, even if their PCI happened to be the same 
Because the SCell measurements are needed also at times when there are no data transmission ongoing on the Scell, alternative 1) does not appear attractive, because it would require such network identification signal be frequently present. In addition, this identification would need to be frequently decoded by the UE already for measurement purposes. Because the PCI of a transmission point may change at transmission point power up, and because there may be changes how signals propagate from the transmission points to the UE as well as how signals are received at each UE receiver in its current location, it will be a challenge to avoid the situation that PCI detection mistakes at the UE receiver would never happen.
Regarding 2) alternative, if using an additional scrambling sequence for the signal isolation on the LAA SCell carriers, it would be a matter of definition, and how the network specific scrambling sequence is generated. In LAA, it would be feasible to signal the scrambling code index already via the Pcell before the Scell is aggregated, e.g. in RRCConnectionReconfiguration. The use of an additional scrambling code would add nearly no complexity in the UE side because multiplying by the scrambling sequence before using the Reference symbols would be a simple task, as the sequences are set into the same phase in the transmission point. Therefore, any ambiguity of the Reference Sequence search is not changed because of the multiplication by a known scrambling sequence which is in phase to the Reference Signal. The sequence searches, accurate timing detection, measurements and channel estimation using a Reference Signal would work as in the legacy with or without the additional scrambling.

5
Miscellaneous aspects 

5.2
DRX 

In CA, the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring). So in other words there is a common DRX applied to all the CCs.

In DC, separate DRX configurations can be applied to MCG and SCG, and the CG specific DRX operation applies to all configured and activated serving cells in the same CG (i.e. identical active time for PDCCH monitoring).
As LAA is most likely CA based, i.e. licensed band CCs and un-licensed band CCs are served by the same eNB. Thus the common DRX currently used in CA could be seen as the baseline here, as it is already specified for CA.
However, the difference to CA is that due to LBT there is no guarantee that the channel is obtained for scheduling the UE exactly when desired by the eNB. In addition, even if CCA succeeds, channel could be kept busy limited time due to LBT requirements. Thus, the DRX configuration should probably not be very strict for the LAA cells. This means that the DRX timers (on-duration, inactivity timer) should be long enough to allow time for getting access to the channel. If using common DRX this may not allow too much power saving opportunity for the UE in licensed band cells. Furthermore, the traffic activity could be different in different carriers, especially if we have also LAA UL. Therefore also independent DRX for LAA cells could be considered as well. This would be similar to what we have for DC.

One key question is: how do we ensure UE power saving? Due to LBT requirements, it seems that common DRX may not be enough to provide UE power saving. Therefore, we need to ensure a way for UE power saving in LAA e.g. independent DRX.
Proposal 7: RAN2 to discuss the best way to ensure UE power saving possibilities with LAA.
5.3
Cross-carrier scheduling 
RAN1 has agreed that Listen-Before-Talk operation is requirement for LTE LAA. As a consequence, it is not possible to know in advance whether the planned transmission is actually allowed to take place, but it depends on whether any other transmitter has already occupied the channel. 

For downlink cross-carrier scheduling, this means that it is possible that UE receives scheduling information from another carrier, even though the eNB transmission on the LAA carrier is not taking place.  This means that PDCCH resources are wasted, and UE tries to unnecessarily try to decode the non-existent transmission. Moreover, that may corrupt the HARQ buffer – it is possible that UE takes the non-relevant samples from the non-existent transmission into account in the HARQ combining, unless there is a reliable way of detecting when there is no transmission. 

Proposal 8: RAN2 to discuss whether cross-carrier scheduling in downlink should be allowed in LAA downlink. 

For uplink the impact of cross-carrier scheduling in LAA may not be significant, as UL grants are scheduled in advance. In both cases, and therefore the problem of not knowing whether transmission will actually take place is not exclusive to cross-carrier scheduling. Scheduling uplink from PCell may be more effective, as there may be situations where channel is reserved when DL transmission should take place, but the channel would be available when there would be time for UL transmission. 
6
Uplink-specific aspects 
So far we have focused on discussing DL related LAA aspects which are most probably simpler to solve than uplink issues if LAA SCell could be used also for uplink purposes. As the SID [5] prioritizes DL operation of LAA and uplink operations seems to require quite a bit of more work it seems good to first complete DL work for SID and if time permits also discuss uplink operation

Proposal 9: Introducing uplink to LAA SCell would require more discussion than downlink and RAN2 should focus on DL operation completion and only if time permits UL operation should be considered.
4
Conclusion
In this paper we gave overview of LAA work in RAN2 and possible impacts and we resulted in following proposals and observations:

Observation 1: Existing CA configuration provides good framework for enabling usage of unlicensed spectrum

Observation 2: possible lack of system information on LAA is not issue from carrier aggregation point of view due to network requirement to keep SI up to date via dedicated signalling

Observation 3: lack of paging channel should not be an issue from carrier aggregation point of view

Proposal 1: As a baseline consider existing CA functionalities to be applicable for LAA usage
Proposal 2: RAN2 should discuss pros and cons of allowing cross carrier HARQ retransmissions, i.e., retransmissions on a different carrier.

Proposal 3: RAN2 to discuss (as a lower priority topic) the applicability and the required changes of UL asynchronous HARQ and UL non-adaptive HARQ for LAA. 
Observation 4: UE can always try to measure the LAA carrier regardless of LBT.

Observation 5: Because the LBT may limit the availability of PSS/SSS/CRS/CSI-RS transmission from eNBs on LAA carrier(s), the UE cannot always assume that it can measure at any given time interval.

Observation 6: The Rel-12 on/off procedure provides baseline for Rel-13 LAA operation.

Observation 7: The on/off – procedure may require modifications to ensure UE measures also active SCells during the given measurement pattern.

Observation 8: The measurements of LAA carriers are necessary only for RRC_CONNECTED UEs.

Proposal 4: Wait for RAN1 to conclude on the SCS/RSRQ aspects before further discussing in RAN2 about the signalling and procedures for measurements.

Proposal 5: Utilize the On/Off-procedures and measurement framework for LAA as baseline.

Observation 9: System Information is not assumed to be transmitted on the LAA Scell in the R13 Study item.

Proposal 6: Discuss in RAN2 whether existing mechanisms would be sufficient for resolving PCI collision for LAA cells
Proposal 7: RAN2 to discuss the best way to ensure UE power saving possibilities with LAA.
Proposal 8: RAN2 to discuss whether cross-carrier scheduling in downlink should be allowed in LAA downlink
Proposal 9: Introducing uplink to LAA SCell would require more discussion than downlink and RAN2 should focus on DL operation completion and only if time permits UL operation should be considered.
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