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Background
In RAN2#95bis, as the outcome of the discussions about the NR Cell definition and relation to beams in connected mode, RAN2 sent an LS to RAN1 in R2-167313 asking the following question(s) regarding the reference signals (RS) to be used for RRM measurements in IDLE and/or CONENCTED:
· What are the RAN1 assumptions on whether the signals (e.g. reference and/or synchronisation signals) supporting idle or connected mode operations are transmitted in the same manner or not such as in terms of beamforming configuration (e.g. single beam, multi-beam)?"

In RAN2#96, RAN1 has provided the following answer consisting of different alternatives (or groups of alternatives A or B) still being evaluated by RAN1:
· Option A): If the same signal(s) are used for idle and connected, the signal(s) supporting idle mode RRM measurement for cell selection/reselection operation and the signal(s) supporting connected mode RRM measurement for inter-cell mobility are transmitted in the same manner, in terms of beamforming configuration (e.g. single beam, multi-beam).
· Option B) If different signal(s) are used for idle and connected, the signal(s) supporting idle mode RRM measurement for cell selection/reselection operation and the signal(s) supporting connected mode RRM measurement for inter-cell mobility can be transmitted in same or different manners by gNB implementations (FFS: may or may not be transparent to UE), in terms of beamforming configuration (e.g. single beam, multi-beam).
Together with these two options, RAN1 has asked RAN2 to take this information into account and inform RAN1 on the potential issues regarding the choice of the above options.

The goal of this email discussion is to collect the views from different companies concerning the potential issues regarding options A and/or B. Once these views are collected, there will be an attempt to reach some reasonable consensus before the NR Ad Hoc meeting in Spokane and draft an LS response to RAN1 with the common views and latest agreements.
Issues associated to options A and B 
Different companies are encouraged to list their views concerning the issues associated to the different options listed in the RAN1 LS. Alternatively, if companies are not satisfied with the level of details provided in options A and B, as pointed out in Reno, they are encouraged to refer to the agreed alternatives for RSs to be used for mobility agreed to be studied by RAN1.

Potential issues associated to option A 

· Limitations in multi-TRP scenarios 

	Company
	Comment

	Ericsson
	In option A, scenarios with multiple TRPs (e.g. TRPs sharing a centralized RRC/PDCP entities) would likely require one cell ID per TRP to be allocated to support mobility in connected mode even if these TRPs are synchronized (otherwise the UE would not be able to distinguish TRPs and/or beams, perform RRM measurements and mobility). Meanwhile, additional RSs to be used in connected mode, as proposed in option B would enable a connected UE to distinguish beams and/or TRPs, perform RRM measurements, etc. regardless whether these are UE-specific/non-UE-specific and/or with/without a synchronization component.

That limitation in the cell ID allocation per TRP in option A may not be the most efficient (on the other hand, other higher layer aspects related to the usage of the same cell ID for multiple MAC entities should be further discussed).

	Samsung2
	This seems to concern lower layer mobility. Anyhow, we assume the UE does not really need to be aware which TRP within the cell is transmitting the beam and hence we don’t understand why a cell ID would have to be allocated per TRP

	ITRI
	If TRP differentiation is required in some scenarios, UE may use physical Cell ID (e.g., PCI) (or beam ID) to differentiate TRPs based on LTE design for Option A; UE may use additional RS to differentiate TRPs for Option B. However, the definition of “Cell” is not clear yet. What’s the relationship between PCI and beam ID (if beam ID exists)? Is the number of PCI based on LTE design enough for NR? It seems to depend on RAN1’s decision. The limitation in multiple TRP scenario shall be re-issued after clarifying related definitions (including TRP, Cell, and beam). So far, we are not sure if the limitation of multiple TRPs is an issue for Option A.

	Mediatek
	We think the same issues exist in both option A and option B, if we take the same assumption that different beams are distinguished by UE (in both option A and option). This issue depends on how ‘NR cell’ is defined and its relationship with gNB having different CU/DU split options. 

If multiple TRPs shares a centralized MAC entity, it doesn’t necessarily requires one cell ID per TRP, since different TRPs can share the same cell ID and beam-level mobility can be performed when UE moves among different TRPs. In this scenarios, this issue doesn’t exist in both option A and option B.

If different TRPs belongs to distributed MAC entities, the beams from different TRPs are not equivalent and UE mobility between different TRPs requires RRC involvement with at least MAC reset. So different TRPs need to be distinguished and the association between each beam and each TRP should be known. The main difference is whether UE or network is aware of the association between each beam and each TRP. In this case, 
Furthermore, option A doesn’t necessarily requires one cell per TRP. It is still workable if network knows exactly the association between beams and TRPs. The same assumption is also taken in option B.

	Nokia
	In our view the TRPs of a cell share the same PCI and the UE would not differentiate TRPs. To be able to differentiate SS-blocks additional ID would be needed to indicate SS block but this does not require the UE to determine which TRP was used to transmit the SS block. Furthermore, in case NR-SS is used for RRM (e.g. NR-SSS) the SS block ID would give context to the RRM measurement.

In a nutshell - we cannot see blocking issues with multi TRP deployment.

	CATT
	Although we agree with Ericsson that multi-TRP/beam cell should be supported in NR, we don’t see that option A is a limitation to that. We understand option A as being compatible with additional TRP/beam-specific synchronization signals (SS) on top of cell-level NR-PSS/NR-SSS. But the former would be used for L1 measurements only while the latter should be used for RRM measurements. Although we think that such additional RS or SS should only be considered for L1 measurements primarily in support of intra-cell mobility, this does not preclude making use of it as an initial step to inter-cell mobility. But inter-cell handover should ultimately be decided based on NR-PSS/NR-SSS RRM measurement.

	ZTE
	We are also not sure there is a specific limitation for option A in multi TRP scenarios. Like Nokia, Samsung and others we also think that in general a cell can correspond to multiple TRPs (sharing the same Cell ID), that the UE does not need to differentiate which TRP is transmitting which beam and that, as already agreed, mobility among beams of the same cell can be handled at lower layers. 
On the other hand this does not mean that all the synchronized TRPs always need to share the same Cell ID: there are indeed cases where it could makes sense to define multiple cells, e.g. one Cell ID per TRP. But we don’t see the limitation in this.

	Intel
	We don’t think option A requires 1 TRP per cell ID. However it is also true the UE may not be able to distinguish each TRP with option A. The challenge of UE not be able to distinguish beams within the cell is upon RAN1 design. 



Summary: Majority of companies do not see the “limitation on multi-TRP scenarios” as an issue associated to option A. It has also been identified that companies seem to agree that the UE should not need to identify TRPs belonging to the same serving cell and/or neighbour cells but only beams from serving and neighbour cells.



· Impossible to deploy SFN for idle mode operation and beam-based RRM measurements for connected mobility:

	Company
	Comment

	Ericsson
	In our understanding option A excludes deployments using SFN transmissions to support idle mode operation (e.g. cell reselection, initial access, system information acquisition, etc.). Otherwise, connected UEs would not be able to distinguish beams and perform beam-based measurements and/or beam-based mobility in connected mode (since no additional signal(s) implicitly or explicitly encoding a beam ID is available). In option A, the standard would have limited flexibility and would be forced to rely on periodic beam sweeping of a potentially high number of beams to cover the whole cell area (which has certain drawbacks).

	Samsung2
	We think this is outside the scope (nothing for RAN2 to discuss/ contribute)

	ITRI
	First, we are not clear in which scenario the beamforming is used in SFN. In SFN scenario, the idle mode operation, e.g., cell reselection, may be not needed. It seems benefits to UE. In addition, we wonder if a connected mode UE needs to distinguish the beams in the SFN. For connected mobility, even after the beam is detected, the measurement result may be not useful to gNB since whether to determine the beam for data transmission is still unknown yet. However, the cell level quality based on beam measurement is still under discussion. It is also not clear whether or not beam information is included in measurement result. The conflict between idle mode operation and connected mobility appears when beam information, e.g., beam ID or differentiation, is unavailable in gNB.

	Mediatek
	It should be evaluated by RAN1. 
In LF with single beam operation, option A can also support SFN. However, supporting SFN on HF is much concerned.
First, due to the hardware constrains on HF, it has dramatic challenge to generate beams with very wide beam-width through hybrid beamforming architecture. However, narrow beams can be easily generated. 
Second, it is questionable whether SFN on HF can provide sufficient coverage to support reliable PBCH demodulation. Otherwise, much numbers of transmission repetition are required to meet the link budget. 
Third, if SFN is deployed in IDLE for HF, long latency of random access during initial access procedure is expected, since the benefits of channel correspondence can’t be used and multiple rounds of beam sweeping will be performed for both Msg1 and Msg2.

	Nokia
	With the same signals for RRM UE cannot measure cell in block level (e.g. using NR-SS) and at the same time perform beam specific measurements.

	CATT
	We also see some benefits in supporting cell level SFN transmissions, although we also agree it is a RAN1 decision in the end. If supported, such cell-level transmissions should be used for RRM measurements. But additional TRP/beam level SS could coexist and be used for L1 measurements. We think leaving the option for deploying different SS for RRM and L1 measurements also provides sufficient flexibility to address the below other issues (although also agree that most are in the RAN1 scope). 

	ZTE
	We think this discussion on SFN operation is completely up to RAN1.

	Intel
	We also think this should be RAN1 decision.



Summary: If option A is adopted a UE cannot measure a cell ID (e.g. PSS/SSS) transmitted in SFN and, at the same kind of deployments, perform beam-based measurements. On the other hand, a vast majority of the companies have not expressed their views whether that would be a valid concern of option A or not. Anyway, there seems to be a common understanding that this is out the scope of RAN2 and should not be further discussed.


· Potentially high system overhead 

	Company
	Comment

	Ericsson
	In our understanding of option A, because the same RS for idle and connected must always rely on periodic beam sweeping of a potentially high number of beams to cover the whole cell area, there could be a significant amount of time that cannot be used for data transmission by the network.

	Samsung2
	We think this is outside the scope (nothing for RAN2 to discuss/ contribute)

	ITRI
	In Beamforming cases, beam sweeping may be needed for beamforming cases. But beam sweep interval can be restricted in time domain by way of multiple beams created in the same time. We don’t think it a big issue here.

In RS transmission cases, the RS transmission for idle mode UE has no difference between Option A and Option B. For connected mode UE, Option A has a common RS for all UEs but Option B can provide UE additional RS. From this point of view, Option B may have more system overhead if the additional RS is per UE. However, if there is no connected mode UE in the neighbour cells/beams, this cell/beam can choose not to transmit the addition RS. In this sense, Option B may not increase the system overhead. It is hard to say which option has more system overhead.

	Mediatek
	We think it should be evaluated by RAN1.
The amount of system overhead depends on the beam sweeping periodicity and the number of UEs in the connected mode. If there are very few number of UEs in CONNECTED, the system overhead can be reduced by enlarging the beam sweeping periodicity. If there are large number of UEs in CONNECTED, option A may have less system overhead compared with option B considering the those RSs are common RSs, which be used by all UEs in both IDLE and CONNECTED.

	Nokia
	We cannot see how this relates to discussion on RSs since beam sweeping is anyway needed at least for higher frequencies and in cases where cell is covered by multiple beams but only a subset of those beams can be active at the same time.

High latency in this case would mean lower overhead for transmitting SS block. E.g. the SS-burst periodicity is always the same but with more beams the periodicity of SS-burst set is longer. 

High overhead would potentially provide lower latency: SS blocks would be transmitted in consecutive manner in several subframes so the resulting periodicity is shorter.

To summarize: there is a trade-off between latency and overhead.

	ZTE
	We interpret the Ericsson concern in the following way:
If beam sweeping is used, and if option A is adopted (same RS are used for idle and connected) the width of the beams should likely be consistent the highly directive beamforming used in connected mode, to ensure that the measurement results on idle mode RS accurately reflect the signal levels achievable during connected mode data transmission. This would probably imply quite narrow beams and then a high number of them to cover the whole cell area, leading to a high signalling overhead (also considering that such beams/SS blocks should also convey NR-PSS, NR-SSS, NR-PBCH, etc.)
If this is the concern, then we tend to agree this would be something to consider and potentially one of the main reason for adopting option B (i.e. additional not-always on RS for connected mode mobility). In this case we could have fewer wider beams to transmit the idle mode RS (and the other signals needed to support idle mode procedures) and other narrower beams only to transmit the additional (not-always on) RS for connected mode mobility. 
In any case the need/benefit of this should be confirmed by RAN1.

	Intel
	We think this should be scope of RAN1. 



Summary: Companies have not questioned the view that solution A may potentially create a higher system overhead compared to solution B. On the other hand, apparently more discussions are needed since not all companies have completely understood and/or agree with the issue. As explained by some companies, if option A is adopted (same RS are used for idle and connected) the width of the beams should ensure that the measurement results on idle mode RS accurately reflect the signal levels achievable during connected mode data transmission. This would probably imply quite narrow beams and then a high number of them to cover the whole cell area, leading to a high signalling overhead (also considering that such beams/SS blocks should also convey NR-PSS, NR-SSS, NR-PBCH, etc.). It is the understanding of the rapporteur that system overhead has both RAN1 and RAN2 implications, since that may affect system capacity and/or access latency.

Proposal 1: Further discuss potential RAN2 aspects of system overhead potentially introduced if the solution based on the same RS for IDLE and CONNECTED is adopted



· Potentially high latency

	Company
	Comment

	Ericsson
	It is our understanding that in option A, to cover all directions (both in DL and UL) without creating a continuous overhead of a given “SS burst set” one would need to transmit these beams in multiple subframes within a radio frame. However, splitting the beams in multiple subframes could significantly increase both transmission delays and control plane latency.

	Samsung2
	We think this is outside the scope (nothing for RAN2 to discuss/ contribute)

	ITRI
	If the latency comes from beam sweeping, it depends on how an idle UE selects a cell and how a connected UE access a cell. The latency evaluation relies on the future design or any requirements on beam detection or selection. So it is not clear so far.

	Mediatek
	We don’t quite clearly understand why option A has higher latency than option B. 
For transmission delay, how long the delay is depends on RAN1’s design on ‘SS burst set’. Even if the “SS burst set” are transmitted in multiple subframes, it doesn’t necessarily mean that UE always need to read all of them. Furthermore, for option B, the transmission latency is also expected due to the transmission repetition especially SFN with omi-directional transmission is assumed to meet the link budget.  

For control plane latency, it “refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE)”. So the latency of random access procedure should be considered. In our understanding, option A has shorter latency than option B, since initial beam alignment is available before performing RACH and the benefits of channel correspondence at the UE/network side can be utilized avoiding beam sweeping for Msg1 and Msg2. In option B, multiple rounds of beam sweeping for Msg1 and Msg2 may be required. 


	Nokia
	As commented for the high system overhead:

We cannot see how this relates to discussion on RSs since beam sweeping is anyway needed at least for higher frequencies and in cases where cell is covered by multiple beams but only a subset of those beams can be active at the same time.

High latency in this case would mean lower overhead for transmitting SS block. E.g. the SS-burst periodicity is always the same but with more beams the periodicity of SS-burst set is longer. 

High overhead would potentially provide lower latency: SS blocks would be transmitted in consecutive manner in several subframes so the resulting periodicity is shorter.

To summarize: there is a trade-off between latency and overhead.

	ZTE
	We see this aspect related to the previous one on “high overhead” and agree that adopting option B (and then allowing fewer wider beams to transmit the idle mode RS) could potentially have some benefits in terms of control plane latency reduction. However this would finally depend on the specific RAN1 design.

	Intel
	Latency is related to how often xSS is transmitted. It depends on RAN1 design and it shouldn’t be too long anyway. 



Summary: Based on the input from other companies more discussions are needed on that topic. The fact that in the solution relying the same RS for IDLE and CONNECTED narrow beams in periodic sweeps must be defined and quite frequently transmitted it might be the case that not all directions fit into a single subframe (if hardware constraints). Therefore, one could spread these “directions”/beams in multiple subframes which could potentially increase the control plane latency (something that is a RAN2 concern). On the other hand, as pointed out, without hardware constraints (i.e. network can cover a reasonable number of directions/beams at once), the discussion becomes a tradeoff between latency and overhead. 

Proposal 2: Further discuss potential impact in the control plane latency potentially introduced if the solution based on the same RS for IDLE and CONNECTED is adopted


· Future compatibility in NR (e.g. introduction of UL-based mobility) can be limited

	Company
	Comment

	Ericsson
	In our understanding option A will very likely introduce future compatibility issues i.e. challenges to introduce new features such as UL-based mobility (which in our view should not be completely discarded in the study item phase). Therefore, the discussion on DL based mobility should assume in its design the possibility to efficiently introduce UL-based mobility in future releases. To support connected mode mobility in option A, this single RS would need to be transmitted quite often and/or in a significant number of beams which represents an unnecessary overhead for UL-based mobility.

	Samsung2
	We don’t understand what fundamental aspect/ solution property would really restrict future extension

	ITRI
	How often RS should be transmitted seems a matter of measurement. RAN1 or RAN4 requirement may have impact. Does UL-based mobility need RS? The overhead for UL-based mobility is not so clear so far.

	Mediatek
	First, we don’t think UL-based mobility needs to be supported in IDLE mode. 
Second, we think DL-based mobility is always required to be supported in connected and UL-based mobility is a complementary method. In other words, DL-based mobility can’t be replaced by UL-based mobility in connected. It is the UL RS that is the unnecessary overhead if the DL-based mobility with the RS can meet the mobility requirement.  

	Nokia
	We cannot see what issues there would be with UL mobility. As far as we understand, the DL mobility will anyway be the baseline and UL mobility (if specified in the future) would complement DL mobility. Additionally, UL mobility may come at the high expense from resource point of view and presumably cannot be configured to all the UEs. Thus, DL mobility will still be needed.

	ZTE
	We are also not sure about the specific restriction that would prevent UL-based mobility in the future.

	
	



Summary: It seems most of companies have the understanding that a solution relying on the same RS for IDLE and CONNECTED would not create future compatibility issue (under the assumption that requirements on signal periodicity for IDLE and CONNECTED are the same).


· Network energy efficiency can be limited

	Company
	Comment

	Ericsson
	In our understanding option A reduces the possibility to efficiently apply longer periodicities when there are no actives UEs, which is proven to be beneficial in terms of network energy efficiency. One possible alternative in option A could be to define short and long periodicities of the same RS. However, that may create a time-varying system coverage for idle UEs which may increase the UE complexity e.g. for cell / beam detection, perform RRM measurements, etc. In any alternative being considered in option B, additional RSs have the flexibility to be turned on / off without degrading the idle mode performance (regardless whether they are UE-specific or not).

	Samsung2
	As suggested, if the same type of RS are used (with same beam characteristics), the periodicity of the RS monitored by the UE in idle and connected could still be different (i.e. connected mode would monitor additional RS occasions). I.e. in such case idle mode performance would not be affected/ there would be no fundamental differences


	ITRI
	In order to serve idle and connected UEs, gNB needs transmit RS sufficiently for UE to measure. UEs can be configured to measure in different periodicities as introduced in R12 HetNet (small cell discovery). In addition, small cell on/off is supported in LTE now. We think that small cell on/off technique may be more useful in network energy efficiency. We think this issue depends on how to schedule RS in Option A/B and additional RS in Option B.

	Mediatek
	We think this issue is quite relevant to discussion on system overhead. The network energy efficiency depends on the beam sweeping periodicity and the number of UEs in the connected mode. If there are very few number of UEs in CONNECTED, the network energy consumption can be reduced by enlarging the beam sweeping periodicity. If there are large number of UEs in CONNECTED, the benefit of network energy efficiency in option B is marginal. In option A, the periodicity of beam sweeping can also be prolonged, e.g. to 40ms, which can be considered as a trade-off for energy efficiency.  

	Nokia
	The endeavour for a massive reduction of the signal periodicity (for the sake of “energy efficiency”) cannot negatively impact the mobility performance. E.g. to be able to quickly and accurately detect and measure the cells, a sufficient periodicity for the necessary signal(s) has to be ensured anyway. In such circumstances, is likely to have a dedicated, “per cell” solution here (unless the idle mode UE would be expected to perform periodic cell updates, both intra and inter-freq/RAT…)?

	ZTE
	Although we share the network efficiency concern when using “plain” option A, we think that this specific issue could also be addressed by inserting more idle mode RS (and not necessarily different ones) when they need to be monitored by connected UEs.

	
	



Summary: There seems to be a common understanding that network energy efficiency is a relevant issue since it relates to the periodicity of RSs used in IDLE and/or CONNECTED. However, companies seemed to agree that large RS periodicities for the sake of energy efficiency shall not negatively impact the IDLE mobility performance e.g. to be able to accurately detect and measure cells. Companies seemed to agree that network energy efficiency can be achieved even if the same RS is used in IDLE and CONNECTED. One of the solutions proposed by several companies is the adjustable periodicity defined e.g. by the presence or absence of CONNECTED UEs that would need to be served.

Proposal 3: If solution A is adopted, network energy efficiency could be achieved with variable configuration of periodicities of the same RS for IDLE and CONNECTED (e.g. based on the presence or absence of CONNECTED UEs to be served. FFS potential RAN2 impacts of this variable periodicity and/or pros/cons compared to solution B

· Load balancing in connected mode affecting idle mode coverage 

	Company
	Comment

	Ericsson
	In our understanding option A disable the possibility to apply dynamic load balancing in connected mode without changing the system coverage for idle UEs.

	Samsung2
	The general principle has so far been that the UE should be on the best cell on a frequency i.e. no need to support load balancing between cells on a frequency (by creating different coverage in connected)

	ITRI
	Load balancing in connected mode can be controlled by network. The cell coverage is delicately adjusted by the cell planning. We don’t think that they are related.

	Nokia
	In our view cell would still have similar coverage in idle and connected. We can’t see the issue here.

	Intel
	We do not see why load balancing cannot work in option A. Network can anyway move the UE from one cell to another. 




Summary: It seems majority of the companies do not see load balancing as an issue of option A. 
Potential issues associated to option B

Some of the issues some companies already raised are the following:

· Ping pong upon idle/ connected

	Company
	Comment

	Samsung
	We understand the intention is to discuss how bad the problem is and/ or how easy it is to combat the problem. We are not sure how to come to a more qualified view on this and would be interested hearing other companies views

	ZTE
	Although we support the previous RAN2 agreement that we should try to minimize unnecessary ping pongs and context moves, we are not sure that there would be a specific problem in this sense if additional RS are used in CONNECTED. Note in fact that in the Option 2 variants being investigated by RAN1, for CONNECTED they are considering "additional" (and not "alternative" signals) w.r.t. to IDLE. So a key aspect is whether or not the RS for IDLE is also measured and reported for CONNECTED. If so, we think it’s definitely possible (and completely up to the network) to minimize/avoid ping-pong at state transitions, even if additional RS are available.

	Ericsson
	We agree with ZTE that ping-pong upon idle / connected is not an issue if additional RSs are introduced, as discussed in option B. That could be easily solved by the network configuring the UE to perform RRM measurement on both the additional RSs for connected mode and the RSs primarily designed for idle (e.g. PSS/SSS or equivalent) to avoid this potential issue, if/when necessary.

In our understanding, even if only the additional RS is configured for RRM measurements in connected, the occurrence of the potential issue is still not certain. That will depend on quite many aspects such as the structure of the additional RSs compared to the signals used for idle mode (e.g. SS or equivalent), the way they are possibly beamformed compared to SS, the UE location within the cell (e.g. cell border or cell centre), the UE mobility pattern, etc.

	Samsung2
	Obviously the severity of the issue depends on many factors. Given that there are several uncertainties, we still don’t see how we can come to a more qualified view (other than the general statement that any difference in RS may result in additional ping pongs)

	ITRI
	This issue was raised in contribution [R2-163364]. This issue depends how measurement is performed for idle and connected UE, e.g., single beam or multiple beams. It depends on RAN4 requirement. In addition, mobility in connected mode is controlled by gNB. The ping-pong problem may be conquered by the network. Although mobility in idle mode is controlled by UE, the offset value in cell resection criterion may be configured or suggested by RAN4 requirement. Therefore, it may not be a big issue.

	Mediatek
	In option B, more complexity is expected with the additional RS in order to avoid ping-pong upon IDLE/Connected transition. Just as Ericsson mentioned, UE is configured to perform RRM measurement on both the additional RS and the original RS in IDLE. From UE aspect, either more measurement are performed with more measurement reports or certain measurement samples combination are required if the additional RS and the original RS provide the same coverage.

	Nokia
	In our opinion IDLE UE would measure NR-SS (e.g. NR-SSS) for cell (re)-selection. As we also assume that “additional RS” or the beam related reference signals would be cell specific and periodical, potentially with same periodicity as NR-SS/SS-block, the UE would be able to detect also beam reference signals. However, these signals would not be used for cell (re)-selection but may be used, e.g. for Random Access purposes to determine strongest/best beam for sending RA preamble.

In connected mode, UE needs to detect and synchronize to neighbour cells based on NR-SS (that encodes cell ID) before being able to measure beam reference signals thus NR-SS may be used in connected mode to measure and identify potential candidate cells for HO. UE would then measure strong cells on beam level, in compliance with the NW configuration.

NR-SS and Beam Reference Signals would be transmitted with different beam configurations but the coverage is assumed to be the same so we don’t see any issues with ping pong. 

Furthermore, connected mode mobility is considered to be network controlled. Thus, NW has means to control UE mobility and as a result - avoid ping pongs.

	CATT
	We think ping-pong issue should be avoided as long as idle cell = connected cell and the same NR-PSS/NR-SSS signals are used for RRM measurements in support of inter-cell mobility. This does not preclude L1 to perform TRP/beam level measurements on additional TRP/beam SS e.g. to trigger further neighbour NR-PSS/NR-SSS RRM measurements.

	Intel
	Ping-pong may happen in transitions between different states. But we are not sure if it is big problem and it may be avoided by additional mechanism.




Summary: Majority of the companies seemed to agree that ping-pong upon state transitions is not a good thing to happen. On the other hand, not all companies believe that ping-pongs would ever happen and/or would not be easy to avoid. Therefore, if it is anyway proven that this would really occur (not certain until simulations results are not discussed) there should be mechanisms defined to avoid. Companies have also discussed some potential solutions for the issue such as the configuration of both the RS used in IDLE and the additional RS for CONNECTED mode and/or solutions like the ones used in cell range expansion (cell specific-offsets).

Despite the uncertainty, majority of companies agrees that at this point this should not be considered as something that would forbid solution B. These should be further discussed considering the complexity of measuring two different RSs at the same time.

Proposal 4: If it is proven that a significant number of ping-pong upon state transitions can occur, mechanism should be defined to avoid and/or mitigate. Solutions that could be studied include the configuration of both RS used in additional RS defined for CONNECTED (other solutions not precluded)



· Dynamically changing configuration of additional RS, inter-gNB coordination

	Company
	Comment

	Samsung
	We understand the intention is to have some discussion about the inter-gNB coordination that is required to support a change of the additional RS configuration (e.g. on/ off, periodicity). We think the main case to discuss is probably the one in which the additional RS are UE specific, in which case UE specific information would need to be exchanged between the gNBs. I.e. both informing the neighbour about presence/ location of UE as well as receiving information about RS transmitted in a particular area/ for a particular UE.

	ZTE
	If additional RS for CONNECTED are introduced, their configuration will indeed change over time (e.g. such RS will not be always-on but can be switched on/off). In our understanding, this definitely implies the need for some inter-gNB coordination, e.g. to ensure that a UE can measure all the neighbour cells needed to be measured in a measurement gap. 
At the moment we see no reason why such additional RS should be UE specific so we think that in case the inter-gNB coordination should be cell specific and not UE specific. 
On the other hand, the configuration over the Uu interface should be UE-specific, i.e. performed via dedicated signalling.

	Ericsson
	In our understanding it is not certain that option B will required complex inter-gNB coordination and/or dynamic change of configuration. For example, commands to turn on/off BRSs/MRSs/CSI-RS, to indicate transmission resources and/or DTMC do not seem to be very complex (e.g. compared tom some CoMP schemes) and not necessarily very dynamic.

In our view, this additional RS should be configurable instead of hard coded in the standard (e.g. for future compatibility) as CRSs. If the signal is defined as UE-specific the network always has the flexibility to either provide the same or a different configuration. In other words, a UE-specific RS can always be configured as a non UE-specific if required.

	ITRI
	We think that the additional RS should be configurable. However, frequent change of the additional RS configuration may increase coordination overhead between TRPs/gNBs. Thus, we think UE specific configuration may be not required.

	Mediatek
	In our understanding, the additional RS can be non-UE specific from network aspect, and different UEs may share different set of the additional RS based on their locations. However, from Uu configuration aspect, the additional RS is UE-specific with dedicated signalling. In order to provide the proper set of additional RS for each UE, inter-gNB coordination for each of the UE is required. Otherwise, a large common set of additional RSs may be configured for different UEs. Although it can reduce the complexity for inter-gNB coordination, UE needs to perform detection and RRM measurements on large number of configured RS configured. The UE power consumption and complexity are concerned.

	Nokia
	We assume “additional” RS or Beam related reference signals to be cell specific and periodical. It may be beneficial to be able to dynamically configure RS transmission per cell e.g. when there are no active UEs in a cell. 

This may however impact UE measurements. In case the RS configuration of a neighbour cell differs from the serving cell UE needs to obtain RS configuration either from serving cell or read it from the system information once it has detected a cell.

RS for RRM measurements are considered not to be UE specific as it would imply the UE need to have pre-configured information (such as RRC configuration) to be able to detect the beam RS. In our view UE would be able to obtain cell’s beam configuration with relatively little effort i.e. the beam configuration would be signalled e.g. in MIB.

	CATT
	The amount of inter-gNB coordination in support of dynamically signalling addition/removal/re-configuration/identification of additional TRP/beam RS depends on the ability for the UE to autonomously detect such signals without prior configuration and to derive the belonging cell. Therefore it can be viewed as a trade-off between UE complexity (if autonomous detection) vs inter-gNB signalling. And this, in the end, very much depends on the TRP/beam RS design by RAN1.

	Intel
	This will relay on smart network implementation and coordination. 




Summary: Majority of the companies seemed to agree that solution B relying on additional and/or alternative RS used in CONNECTED would require some level of inter-gNB coordination. Despite that, there seems to be a common understanding among majority of companies that in principle this should not be considered as something that would forbid solution B. The complexity of that coordination would depend on different aspects such as whether the additional RS is UE-specific (as proposed by a group of companies) and/or cell-specific (as proposed by another group of companies). It should be further clarified for UE-specific or cell-specific RSs what kind of coordination would be required depending on the usage of these additional RSs e.g. i) scheduling these additional RSs completely on demand like CSI-RSs and/or ii) turning RSs on/off based on the absence or presence of CONNECTED UEs to be served and/or exchanging semi-persistent resource allocation information of BRSs/MRSs.

Proposal 5: Study the inter-gNB coordination required for UE-specific and/or cell-specific additional RSs for RRC_CONNECTED UEs and their usage (e.g. turning on/off BRS/MRSs, scheduling of CSI-RSs, exchange of RS resource allocation, etc.)



· Not indicating cell identity by additional RS

	Company
	Comment

	Samsung
	We understand the intention is to have some discussion about what the consequences are if the cell identity is somehow not indicated by the reference signals used for measurements in connected. We understand that this would mean the network would need to signal which reference signals are to be measured to determine the quality of a particular cell. We assume this would involve regular reconfigurations i.e. whenever the UE moves/ whenever the reference signals that are to be measured change.

	ZTE
	We are still internally evaluating whether, if additional RS for CONNECTED are introduced, there is a use case for not indicating the cell identify. But we agree that if the cell identify is not indicated by the additional RS, the overall complexity would increase as more inter-cell/inter-gNB coordination would be needed and also more RRC reconfigurations.

	Ericsson
	In our understanding one needs to distinguish three aspects: i) the need for the UE to be aware that additional RS(s) belong to the serving cell, ii) the need for the UE to be aware that additional RS(s) belong to any cell (including neighbours) and iii) for each of these cases, how that information is conveyed to the UE.

Even if we assume that both i) and ii) are required, there could be many ways to map beamformed additional RSs to cells even in option B with different pros and cons. Some examples have been provided in both RAN1 and RAN2 contributions such as: relying on dedicated signalling, mapping beam ID ranges to cell IDs (configurable or not), using time/frequency resources the additional RSs are transmitted to distinguish cells, transmitting an additional cell ID together with the additional RS used in connected, physically encoding the cell ID in the additional RS jointly with a beam ID, etc.

Therefore, one cannot conclude that this is an issue of option B. On the other hand, one can say that this is not an issue of option A (since cell ID is encoded in the RS used for idle).

	ITRI
	Explicitly cell ID indicated by additional RS may be not necessary. UE may acquire cell ID via PSS/SSS, for example. It is more RAN1 issue. It may depend on RAN1 discussion.  From RAN2 point of view, if the additional RS is UE specific (e.g., configured by RRC), it is not necessary for the additional RS to indicate the cell ID, since eNB can indicate cell ID and the additional RS in the configuration. So we are not clear why the additional RS needs to indicate the cell ID.

	Mediatek
	We share the same understanding as Samsung and ZTE. Frequent reconfiguration and inter-gNB coordination are required.

	Nokia
	We cannot see any issue with this since the cell ID is encoded by NR-SS. This signal is present for IDLE and CONNECTED mode UEs (i.e. UE needs to first detect a cell before it starts measuring RS (e.g. cell specific beam reference signals)). We don’t foresee that cell ID would be indicated by “additional RS”. 

To summarize: in our view the additional RS (beam reference signals) would be cell specific i.e. UE would be able to detect the RS of a cell once it has identified the cell

	CATT
	This is a similar issue as above: the amount of inter-gNB coordination also depends on how much information UE must be provided by its serving cell to detect neighbour TRP/beam SS, e.g. linkage between neighbour TRP/beam SS and neighbour cell. But we agree with Ericsson that feasibility and mapping of cell ID with TRP/beam SS depends on RAN1 design.

	Intel
	We don’t understand why the cell id should be derived from additional RS. The distinction of cell may still be done based on xSS if needed. 



Summary: It is clear from the discussion that majority of the companies do not agree that this is an issue of solution B. On the other hand, since the UE should be know how these additional RSs are mapped to a given cell, the UE should either get this information via broadcast or dedicated signalling. It is also clear that these solutions have pros and cons that should be further evaluated. In addition to RRC configuration, depending on the solution for the mapping, it may also require inter-gNB coordination.

Proposal 6: Study the required RRC configuration and inter-gNB coordination necessary required to map cell ID and the additional RSs if additional RS does not encode cell ID



Proposals 

Based on the input from the companies to the email discussion the following can be proposed: 
Proposal 1: Further discuss potential RAN2 aspects of system overhead potentially introduced if the solution based on the same RS for IDLE and CONNECTED is adopted

Proposal 2: Further discuss potential impact in the control plane latency potentially introduced if the solution based on the same RS for IDLE and CONNECTED is adopted

Proposal 3: If solution A is adopted, network energy efficiency should be achieved with variable configuration of periodicities of the same RS for IDLE and CONNECTED (e.g. based on the presence or absence of CONNECTED UEs to be served. FFS potential RAN2 impacts of this variable periodicity

Proposal 4: If it is proven that a significant number of ping-pong upon state transitions can occur, mechanism should be defined to avoid and/or mitigate. Solutions that could be studied include the configuration of both RS used in additional RS defined for CONNECTED (other solutions not precluded)

Proposal 5: Study the inter-gNB coordination required for UE-specific and/or cell-specific additional RSs for RRC_CONNECTED UEs and their usage (e.g. turning on/off BRS/MRSs, scheduling of CSI-RSs, exchange of RS resource allocation, etc.)

Proposal 6: Study the required RRC configuration and inter-gNB coordination necessary required to map cell ID and the additional RSs if additional RS does not encode cell ID

Proposal 7: Capture in the “LS to RAN1 on mobility” that at this point RAN2 cannot conclude on issues that would forbid options A or B to be adopted

Proposal 8: Capture in the “LS to RAN1 on mobility” that RAN2 is further studying the impact on system overhead/control plane latency and energy efficiency of option A and the RRC signalling and inter-gNB coordination of option B
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