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Introduction of remote access issue
In this contribution, we share a remote access issue we encountered in the network during Covid-19 epidemic prevention and control. Covid-19 hit the world since Dec, 2019 and the infection spreads rapidly. 5G is playing an important role in contact-tracing technology for Covid-19. Whenever an infection is detected in an area, all UEs staying in the same area during the same period will be alerted of potentially close contact with the infection.
Remote access was detected in such use case. Remote access always causes serious confusion for coronavirus tracking, as well as intra-frequency interference. Here is the illustration for remote access issue.
We observed that the UE, which is in the City H (Haikou, Hainan China), access successfully and perform Registration Area Update to the cell in City Z (Zhanjiang, Guangdong China). The distance between two cities is around 24km. And there is a Qiongzhou Strait between two cities. At some certain temperature and humidness conditions, the radio signal can be transmitted and reflected by atmospheric and seawater with tiny propagation loss. The radio signal can transmit tens or hundreds of kilometers. UE in City H can receive the DL signaling from the cells in City Z, and at the same time for the 5G TDD system, UL signaling can also reach the gNB in City Z. We observed that the DL and UL channel are both in good condition that, UE successfully performed RAU to the gNB in another city. The situation is shown in the figure 1.
[image: ]
Figure 1. Remote access issue
We can call such issue as remote access. UE A can be named as remote access UE, which access to the remote cell A in City Zhanjiang, even though the UE A is currently in the coverage of local cell B in City Haikou.
With remote access issue, after one’s mobile phone perform RAU to a remote cell in infected area, the man will be warned to be a close contact due to footprint of signal propagation. But actually the man is far away from the infected area.
Observing this issue, we may recall what we have done to resolve the “Chiba issue” brought forth by NTT DOCOMO. But comparing with ‘Chiba’, in which the UE can only camp on but failed to access the concerning cell, one difference for our newly identified remote access issue is that the UE can both camp on and successfully perform random access into the concerning cell. 
Observation 1: Remote access issue leads to the UE access to a cell that far away from the UE.
Proposal 1: RAN2 is kindly asked to confirm the remote access issue, that UE may access to a remote cell due to the radio signal transmitted and reflected by atmospheric and seawater with tiny propagation loss at some certain temperature and humidness conditions.
Analysis on network implementation solutions
To address the remote access issue, we first come up with the network implementation solution.
Network implementation solution 1: periodical RSRQ measurement reporting + HO or RRCRelease
Description for implementation solution 1: 
There would be two network implementation ways to figure out whether the UE is performing remote access:
1) Network can configure UE with periodical measurement reporting. Network can figure out the remote access if the measured RSRP is good enough but RSRQ is much lower than expected, since the remote access always causing serious intra-frequency interference. 
2) Another alternative way for the network to figure out the UE is performing remote access is to check whether the Timing Advance is larger than expectation.
After the network figure out the remote access UE, network performs either of the following behaviour:
1) Network handovers the remote access UE from the current remote cell to local cell 
2) Network sends RRCRelease message containing redirection to other frequency or dedicated frequency priority. 
However, the above implementation solution still has following remaining problem:  
· For handover solution, even network handover the UE from remote cell to local cell based on the measurement report, UE will continue reselect to the remote cell after the UE goes back to idle mode. That’s because the remote cell may have higher RSRP comparing with the local cell.
· For redirection solution, the remote cell and local cell are intra-frequency deployed in the same band, so the dedicated frequency priority or frequency redirection would not address the issue.
Therefore, it turns out that periodical RSRQ measurement reporting + HO or RRC release would not be helpful to address the remote access issue.
Observation 2: periodical RSRQ measurement reporting + HO or RRC release would not be helpful to address the remote access issue.
Network implementation solution 2 – SIB3 broadcast Qoffset for each potential remote cell
Description for implementation solution 1: 
Here is the idle mode solution. Network can broadcast Qoffset for each potential remote cell in SIB3. As defined in TS 38.304, the per cell configured Qoffset can decrease the R value for the concerning remote cell during cell reselection R criteria ranking.
		Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp


where:
	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.
For inter-frequency: Equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 38.331 [3].





However, the above implementation solution 2 still has following remaining problem:  
· RAN4 defines that the requirement for maximum idle mode intra-frequency measurement is 8 neighbouring cells. And in TS 38.331, at most 16 PCIs for intra-frequency neighbouring cells can be configured in SIB3. So the maximum intra-freq neighbouring cell in SIB3 is limited. And typically, operator only configure the local cells in SIB3 rather than remote cells.
· Even if it is possible for operator to configure remote cells with Qoffset in SIB3. It is still unrealistic for operator to configure a complete list for all the remote cells in the SIB3 neighbouring cell list.
· This solution only works for cell reselection. UE can still perform cell selection to the remote cell.
Therefore, based on the above analysis, the implementation solution of SIB3 broadcast Qoffset for each potential remote cell would not address the remote access issue.
Observation 3: the implementation solution of SIB3 broadcast Qoffset for each potential remote cell would not address the remote access issue.
Network implementation solution 3 - T300 based Qoffsettemp
In current specification, when connection establishment failure occurs (T300 has expired) a consecutive connEstFailCount times, Qoffsettemp is applied for the concerned cell when performing cell selection and reselection. This mechanism is to overcome the issue found in Chiba that the DL RSRP is good but UE failed to perform random access due to bad UL channel.
However, for the remote access issue, connection establishment failure is not happened. In TDD system, both DL and UL channel for the remote access UE are in good condition. So the legacy consecutive T300 expiration triggered Qoffsettemp would not address the remote access issue.
Observation 4: Due to both DL and UL channels are in good condition for the remote access UE, the legacy solution that consecutive T300 expiration triggered Qoffsettemp would not address the remote access issue.
Therefore, based on the analysis on the current implementation solutions, we can see all these solutions still cannot address the remote access issue. We kindly ask RAN2 to confirm the issue and work out a solution to address that.
Proposal 2: RAN2 is kindly asked to confirm that the current implementation solutions cannot address the remote access issue.
Candidate solution to address remote access issue
Proposed candidate solution: UE aware of remote access and adjust the cell reselection criteria.
Based on the analysis above, the safest method is to let the UE aware of the remote access and avoid reselect to the remote cell if there is local cell available.
In order to let UE aware of remote access, network can broadcast a TA (timing advance) threshold in the system information to indicate the desired coverage. If the received TA in the RAR is larger than the TA threshold, that means the UE is now performing a remote access. In such case, the UE should apply Qoffsettemp for cell reselection R criteria whenever UE goes back to idle mode, as specified in 5.2.4.6 in TS 38.304.
Rs = Qmeas,s +Qhyst - Qoffsettemp
Rn = Qmeas,n -Qoffset - Qoffsettemp
In this method, the cell reselection R criteria for the concerning remote cell is decreased. If there is any better inter-frequency or intra-frequency neighbouring cell, UE can reselect to the new cell. Otherwise, the UE will still be camping on the concerning remote cell, e.g., the UE is on the sea and no other neighbouring cells detected, in such case, the UE should be allowed to continue camping on the remote cell. By applying Qoffsettemp to the R criteria, the UEs on the sea can still be served by the concerning gNB. While the UEs on the land can perform cell reselection to camp on the nearest cell instead of remote cell.
In addition, in order to avoid impact to the UEs in the ship on the sea, the Qoffsettemp is not applied to cell selection S criteria. So that such UEs can continue perform remote access to the concerning gNB if there is no other neighbouring cell.
Proposal 3: RAN2 is kindly asked to discuss on the potential solutions, e.g.,: 
· Introduce a TA threshold in the system information to indicate the maximum Timing Advance to access the cell.
· If the received TA is larger than TA threshold, UE should apply Qoffsettemp for R criteria when UE goes back to idle/inactive mode. No change to the existing RA procedure.
Conclusion
In this contribution, we share the issue of remote access and kindly ask RAN2 to discuss how to address the issue. Proposals are as follows:
Observation 1: Remote access issue leads to the UE access to a cell that far away from the UE.
Observation 2: periodical RSRQ measurement reporting + HO or RRC release would not be helpful to address the remote access issue.
Observation 3: the implementation solution of SIB3 broadcast Qoffset for each potential remote cell would not address the remote access issue.
Observation 4: Due to both DL and UL channels are in good condition for the remote access UE, the legacy solution that consecutive T300 expiration triggered Qoffsettemp would not address the remote access issue.
Proposal 1: RAN2 is kindly asked to confirm the remote access issue, that UE may access to a remote cell due to the radio signal transmitted and reflected by atmospheric and seawater with tiny propagation loss at some certain temperature and humidness conditions.
Proposal 2: RAN2 is kindly asked to confirm that the current implementation solutions cannot address the remote access issue.
Proposal 3: RAN2 is kindly asked to discuss on the potential solutions, e.g.,: 
· Introduce a TA threshold in the system information to indicate the maximum Timing Advance to access the cell.
· If the received TA is larger than TA threshold, UE should apply Qoffsettemp for R criteria when UE goes back to idle/inactive mode. No change to the existing RA procedure.
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