


3GPP TSG-RAN WG2 Meeting #107	R2-1909313
Prague,  Czech Republic, 26 – 30 August 2019


Agenda item:	11.2.2.2
Source:	Nokia, Nokia Shanghai Bell
Title:		Considerations on measurement gaps and the support of asynchronous deployments in NR-U
WID/SID:	NR-U – Release 16
Document for:	Discussion and Decision
1	Introduction
[bookmark: _Hlk536529808]In this contribution we discuss one of the proposed enhancements for increasing robustness in connected mode mobility. We also address measurements in asynchronous deployments for acquiring neighbours of other PLMNs, neighbour timing of cell of the own network, and measurements for mobility.
2	Discussion
2.1	Robustness for Mobility Procedures
The NR-U WID [1] states that the mobility procedures to be designed shall support standalone NR-U deployments. In order to mitigate the impact of LBT on the CP, it has been discussed to introduce conditional HO (CHO), which is presently standardized for LTE and for NR. 
Our view is that the applicability to NR-U and possible NR-U specific enhancements of CHO should only be investigated after the concepts and the procedures for CHO have been agreed in NR mobility enhancements work item, to avoid parallel work.
Proposal 1: Address conditional handover (CHO) in NR-U towards the end of the WI, to allow to reuse the decisions and agreements concerning CHO made in NR mobility enhancements work item.
[bookmark: _Hlk4588383]2.2 	Clarification on asynchronous deployment 
The TR [38.889] of the NR-U SI asked for NR-U to support asynchronous deployments (we note that the WI description [RP-191575] does not make any mention of the same). “Asynchronous cells” in general will mean:
· slot boundaries are not aligned,
· frame boundaries are not aligned,
· SFN of the cells is different.
In EN-DC, the asynchronous deployment has been captured in 38.133 section 7.5, where the UE is required to be able to transmit to or receive from two cells with arbitrary slot boundary alignment. Further, SFTD UE measurements reporting a boundary offset as well an SFN of the neighbour have been introduced. We note that those measurements have not been introduced for SA NR and have not been discussed for cases different from EN-DC.
In NR-U, we may refer with “asynchronous scenario” to a situation where the gNB does not know its neighbour’s DRS timing. In that sense, an asynchronous scenario is present with respect to 
a) measuring another PLMN’s or the own network’s cells for the purpose of PCI collision/confusion avoidance, and 
b) measuring the neighbour cells for the purpose of mobility. 
[bookmark: _Hlk4588504]2.2.1	Measuring asynchronous cells for ANR
When setting up a new cell in unlicensed spectrum it will be important to have performed neighbour cell measurements revealing already deployed PCIs. This applies primarily to find PCIs and CGIs of other PLMNs, but may also be required to find cells of the own network, e.g. to support ad-hoc deployment of cells. The initial step of discovery can be carried out by gNBs, but discovery of neighbour cells that cannot be detected by the gNB requires UE measurements. 
As the detection of new cells for ANR purposes is – compared to mobility measurements – not time critical, it will be sufficient to use the mechanisms present in Rel-15: A UE is provided via RRC with a measurement configuration and may be asked to report also the CGI. In order to scan the whole range of possible SSBs timing, the UE may be reconfigured successively with different measurement configurations. 
Observation 1: Detection of asynchronous neighbour cells’ PCIs and CGIs for ANR can be achieved using existing RRC procedures.
It is further observed that, as NR design allows the transmission of RMSI also on cells that are used as SCell-only, UEs configured to perform ANR measurement may also be able to measure and report the CGI of neighbor NR-U cells only used as SCells of other operators.
Observation 2: Detection CGI of neighbour NR-U cells that are only used as SCells for ANR can also be achieved using existing RRC procedures, assuming that RMSI is also transmitted on neighbour NR-U cells that are used as SCell-only.
Proposal 2: It is proposed to conclude that no additional mechanism is needed for measuring asynchronous cells for ANR. 
2.2.2	Measuring asynchronous cells for mobility
[bookmark: _GoBack]In NR measurements required for mobility are made possible by transmitting DRS every 5 msec, just as for initial acquisition. In NR-U this option may not be available, because transmitting the SSBs with a periodicity of 5 ms might be challenging in NR-U due to the restrictions imposed by LBT to the frequency of transmission of discovery reference signals, including SSBs. 
Observation 3: In NR-U, due to the restrictions imposed by LBT to the frequency of transmission of DRS, it may not possible to support neighbour cell RRM measurements with Rel-15 SMTC and/or measurement gap configurations, and by transmitting the SSBs at a periodicity of 5ms.
Assuming now a DRS transmission periodicity larger than 5msec, we consider how a gNB could configure a UE to allow the UE to detect an asynchronous neighbour cell, should the UE come close to it. We identify the following options:
1. Sliding window measurements (i.e. measurement window periodicity not aligned with DRS periodicity). This option would allow to detect a neighbour cell potentially only after one sweep of the window and thus would have poor mobility performance due the delay needed to discover neighbour cells.
2. Long measurement window. A measurement window (and the corresponding measurement gap, when needed) could be extended to cover the maximum DRS periodicity. However, the impact on reporting the measurements as well as impact on performance would be large. Hence this option seems not viable. 
3. Reconfiguring a single UE with known DRS transmission windows of neighbours. We note that at present the standard foresees a single measurement gap for one FR, across all measurement objects. Thus, if the DRS transmission windows of two neighbours of a gNB do not overlap, the gNB would need to repeatedly reconfigure the measurements for the UE using RRC signalling. Moreover, this option assumes the gNB knows the timing of DRS transmission of neighbour cells, and only their transmissions are not time aligned. This solution therefore seems not to be an efficient solution for all deployment scenarios.
4. Multiple measurement gaps for a single measurement configuration. An SI proposal [3, Measurement Gap Enhancement, RP-190243, Intel] has been suggesting studying related methods. This option also assumes the gNB knows the timing of DRS transmission of neighbour cells.
Among the presented options above, option 4 has the best characteristics. The complexity of introducing a solution as option 4 requires a lot of standardization work and most probably a separate study/work item. Moreover, in order to work in all asynchronous scenario, option 4 may also require the standardization of means for the serving gNB to acquire the timing of transmission of its neighbour cells. We therefore think that supporting mobility for asynchronous networks would require a significant amount of extra work.
Further, the operation of a truly asynchronous network should be possible to avoid in most cases, as the network can configure the SMTC of its cells, and in most cases also will be able to maintain a degree of common timing across its cells. Networks which require mobility support for asynchronous cells may not be the most common networks and thus could be considered at a later stage. 
Proposal 3: Do not enhance RAN2 specifications to support mobility measurements of asynchronous neighbour cells in Rel-16.
2.3	Other impact of measurement gap configuration 
[bookmark: _Hlk7620075]Based on the analyses of measuring asynchronous neighbour cells for ANR (section 2.2.1), one can also notice that it requires more frequent and longer measurements to be performed by UEs. If the length of the measurement gaps were to be increased as well as their number, this would negatively impact DRX and power consumption. Indeed, the DRX timers would have to be long enough to avoid expiring when a measurement gap occurs. The longer the gap and the more often they occur the more serious the problem become. To avoid increasing power consumption, the subframes occurring during a measurement gap should be excluded from the counters.
Proposal 4: Exclude the PDCCH subframes colliding with a measurement gap from the DRX timers.
2	Conclusion
In this paper we arrived at the following observations and proposals: 
Proposal 1: Address conditional handover (CHO) in NR-U towards the end of the WI, to allow to reuse the decisions and agreements concerning CHO made in NR mobility enhancements work item.
Observation 1: Detection of asynchronous neighbour cells’ PCIs and CGIs for ANR can be achieved using existing RRC procedures.
Observation 2: Detection CGI of neighbour NR-U cells that are only used as SCells for ANR can also be achieved using existing RRC procedures, assuming that RMSI is also transmitted on neighbour NR-U cells that are used as SCell-only.
Proposal 2: It is proposed to conclude that no additional mechanism is needed for measuring asynchronous cells for ANR. 
Observation 3: In NR-U, due to the restrictions imposed by LBT to the frequency of transmission of DRS, it may not possible to support neighbour cell RRM measurements with Rel-15 SMTC and/or measurement gap configurations, and by transmitting the SSBs at a periodicity of 5ms.
Proposal 3: Do not enhance RAN2 specifications to support mobility measurements of asynchronous neighbour cells in Rel-16.
Proposal 4: Exclude the PDCCH subframes colliding with a measurement gap from the DRX timers.
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