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1. Introduction
This document presents further analyses and example details especially for the UE mechanisms described in TR36.825 v.0.2.0 to avoid any potential co-existence issues due to the additional TDD configuration(s) on LTE TDD DL/UL operations. 

The document also has a draft text proposal to TR36.825 v.0.2.0 on the complexity analyses of the example co-existence solutions. 
2. Discussion
In RAN#68 some companies felt that new co-existence mechanisms described in TR36.825 for avoiding co-existence issues between LTE TDD DL only and on normal LTE TDD DL/UL operations could have noticeable impact on UE complexity. In this section we present examples how these new UE procedures could be defined and analyze the feasibility of these new co-existence solutions by comparing with the existing UE procedures.
TR 36.825 v.0.2.0 currently describes the sensing of adjacent carrier LTE TDD configurations for detecting whether any actions are needed as follows:
1. Sensing of adjacent carriers could be done using one or multiple of the following alternatives:

1. UEs supporting LTE TDD DL only configurations and indicated or configured LTE TDD DL only cell for DL transmission (e.g. used with aggregated LTE FDD PCell) could scan neighboring carrier frequencies of the same frequency band to see if there are other LTE TDD cells deployed, which are using LTE TDD with DL/UL operations. Whether or not such LTE TDD cells exist would be reported to the network by the UE.

This neighbor carrier scanning would be simplified version of the current UE scanning used for PLMN selection. 
· In the PLMN selection the UE has to scan all RF channels in the E-UTRA bands according to its capabilities to find available PLMNs and search for the strongest cell on each carrier and read its system information for the PLMN selection. 
· In these UE sensing mechanisms for ensuring good co-existence between LTE TDD DL only and LTE TDD DL/UL configurations in any situations and regions the UE does not need to scan all the E-UTRA bands. Instead only part of a given E-UTRA frequency band and potentially also some LTE carriers outside the given frequency band would need to be scanned in order to ensure that there are no LTE TDD DL/UL operations in neighboring carriers to the carrier where LTE TDD DL only configuration is planned to be activated. Carriers outside the given frequency band would only need to be scanned if LTE TDD DL only operations are planned to be activated at the edge of the band.
· For the purposes of the new co-existence solutions the UE is not required to read the system information of these scanned carrier frequencies like in the PLMN selection but instead more optimized detection for detecting LTE TDD DL/UL deployment on adjacent carrier would be sufficient. Naturally the detection could also be done by reading system information if that is seen smaller effort and change from the UE implementation point of view. 
· UE implementation freedom could be allowed in the implementation of UE sensing as RAN4 requirements and test cases would be used for validating correct UE detection behavior and performance. Implementation freedom will enable more implementation optimizations.
The existing UEs are also required to be able to search for higher priority PLMNs (or suitable PLMN) at regular time interval. The smallest interval for this regular higher priority PLMN search is 6 minutes as defined by TS23.122. 
· Similarly like regular higher priority PLMN search regular sensing and detection of LTE TDD DL/UL operations in the neighboring channels of the planned LTE TDD DL only SCell could be used for ensuring that LTE TDD DL only operations will not create any co-existence issues to TDD DL/UL operations even when even the UE moves in the network.

· In our view similar or even more relaxed time requirements and assumptions as for the higher priority PLMN search could be used for setting the UE requirements for the regular UE co-existence sensing. This will also enable further UE complexity and power saving optimizations. 
Additionally unlike in case of PLMN searches both the specification and LTE PCell can provide additional information, which carrier frequencies on a given frequency band or on its close proximity should be searched. This further simplifies UE complexity compared to the existing PLMN search support.
The UE reporting of the sensing results to the active PCell would follow normal UE reporting mechanisms defined in TS36.331 and therefore also reporting complexity should not be higher than what required from the UEs today. 
TR 36.825 v.0.2.0 also defines what the LTE TDD DL only capable UEs and base stations should do after sensing neighboring LTE TDD cell as follows. Also these procedures especially the options 1 and 3 are not seen complex from the UE or BS implementation perspective but instead the existing UE and BS procedures can be utilized.
2. Having sensed adjacent carriers for neighboring LTE TDD cell one or multiple of the following adaptations could be taken:

1. After LTE TDD with DL/UL operations is reported to an eNB, the eNB would automatically stop any LTE TDD DL only operations in the proximity of those frequencies and frequency bands and geographical areas. In addition, the mechanism could include for the UE to automatically stop or reject DL only operations. 

2. If an eNB intending to use LTE TDD with DL only operations detects neighbor eNB(s) it could adapt / lower its transmission power, e.g., on all subframes or only on UL subframes of neighbor eNB(s) accordingly. 

3. If an eNB intending to use LTE TDD with DL only operations detects very strong neighbor eNB(s) it could adopt the TDD configuration to the same UL/DL configuration of the neighbor eNB. This scheme would result in less specification impact than adapting / lowering its transmission power.

Figure 1 illustrates how the detection and co-existence problem avoidance would work in two scenarios; case 1 and case 2. In the case 1 no LTE TDD DL/UL operations are detected and therefore LTE TDD DL configurations can be used in a given carrier frequency and geographical area. On the other hand in the case 2 LTE TDD DL/UL operations are detected on one of the neighboring carriers and therefore LTE TDD DL only operations can be used in SCell in a given carrier frequency and geographical area.
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Figure 1: UE based co-existence mechanisms
Based on the discussion in the contribution we see that the co-existence solutions for mitigating potential drawback of the additional LTE TDD DL configuration(s) are feasible to support in UEs supporting the new configurations. The implementation of the additional procedures and mechanisms in the base stations is not expected to be limiting factor for the deployment of these co-existence solutions.
It is also worth noting that these additional procedures and requirements do not have any implications on UEs and base stations supporting only LTE TDD DL/UL configurations (i.e. no LTE TDD DL only configuration support). 

Observation 1: Based on the analyses of this contribution the TR 36.825 solutions in Section 6.5.1.1for avoiding co-existence problems between LTE TDD DL/UL and new LTE TDD DL only configurations are not expected to increase UE complexity significantly but instead the implementation complexity is similar to the existing UE procedures required for PLMN searches. Thus, we see that these solutions are feasible to support in all LTE TDD DL only capable UEs in order to guarantee that in no situation or geographical areas there are any co-existence problems. 

Proposal 1: Include the text proposal for complexity analyses from the Annex to the Section 6.5.1.1 of TR36.825

Proposal 2: We propose that the feasibility of supporting and implementing the co-existence solutions of Section 6.5.1.1 is summarized in the Summary Section 9 of TR 36.824.
3. Conclusions 
In this contribution we have analyzed the UE implementation feasibility of the solutions for avoiding potential drawbacks of the additional TDD configuration(s) to LTE TDD DL/UL deployments and operations. Based on the analyses we observe and propose the following: 

Observation 1: Based on the analyses of this contribution the TR 36.825 solutions in Section 6.5.1.1for avoiding co-existence problems between LTE TDD DL/UL and new LTE TDD DL only configurations are not expected to increase UE complexity significantly but instead the implementation complexity is similar to the existing UE procedures required for PLMN searches. Thus, we see that these solutions are feasible to support in all LTE TDD DL only capable UEs in order to guarantee that in no situation or geographical areas there are any co-existence problems. 

Proposal 1: Include the text proposal for complexity analyses from the Annex to the Section 6.5.1.1 of TR36.825

Proposal 2: We propose that the feasibility of supporting and implementing the co-existence solutions of Section 6.5.1.1 is summarized in the Summary Section 9 of TR 36.824.
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6.5
Possible solutions to mitigate potential drawbacks of the additional TDD configuration(s)

This section describes possible solutions to mitigate potential drawbacks of the additional TDD configuration(s) on a high level without detailed study. If specified, the remaining details of the described methods would have to be further clarified. 
6.5.1
Co-existence

Operating LTE TDD with both DL and UL transmissions and LTE TDD with DL only transmissions on adjacent carriers of the same frequency band could create co-existence issues and thus, degrade the LTE TDD with DL/UL operations. 
6.5.1.1
UE/eNB sensing 

One technical solution for avoiding potential co-existence issues between LTE TDD with DL only and LTE TDD with DL/UL operations on the same frequency band without prior deployment knowledge in given region or country, would be a sensing based method, which consists of the following 2 steps of sensing and adapting:

1. Sensing of adjacent carriers could be done using one or multiple of the following alternatives:

1. UEs supporting LTE TDD DL only configurations and indicated or configured LTE TDD DL only cell for DL transmission (e.g. used with aggregated LTE FDD PCell) could scan neighboring carrier frequencies of the same frequency band to see if there are other LTE TDD cells deployed, which are using LTE TDD with DL/UL operations. Whether or not such LTE TDD cells exist would be reported to the network by the UE.

2. eNBs intending to use LTE TDD with DL transmission could sense and detect neighbor eNBs on adjacent carriers by measuring, e.g., PSS/SSS/CRS before starting up and occasionally during operation. 
2. Having sensed adjacent carriers for neighboring LTE TDD cell one or multiple of the following adaptations could be taken:

1. After LTE TDD with DL/UL operations is reported to an eNB, the eNB would automatically stop any LTE TDD DL only operations in the proximity of those frequencies and frequency bands and geographical areas. In addition, the mechanism could include for the UE to automatically stop or reject DL only operations. 

2. If an eNB intending to use LTE TDD with DL only operations detects neighbor eNB(s) it could adapt / lower its transmission power, e.g., on all subframes or only on UL subframes of neighbor eNB(s) accordingly. 
3. If an eNB intending to use LTE TDD with DL only operations detects very strong neighbor eNB(s) it could adopt the TDD configuration to the same UL/DL configuration of the neighbor eNB. This scheme would result in less specification impact than adapting / lowering its transmission power.

Complexity analyses of UE based sensing solution:
This neighbor carrier scanning in the UE based sensing could be simplified version of the current UE scanning used for PLMN selection. 
· In the PLMN selection the UE has to scan all RF channels in the E-UTRA bands according to its capabilities to find available PLMNs and search for the strongest cell on each carrier and read its system information for the PLMN selection. 
· In these UE sensing mechanisms for ensuring good co-existence between LTE TDD DL only and LTE TDD DL/UL configurations in any situations and regions the UE does not need to scan all the E-UTRA bands. Instead only part of a given E-UTRA frequency band and potentially also some LTE carriers outside the given frequency band would need to be scanned in order to ensure that there are no LTE TDD DL/UL operations in neighboring carriers to the carrier where LTE TDD DL only configuration is planned to be activated. Carriers outside the given frequency band would only need to be scanned if LTE TDD DL only operations are planned to be activated at the edge of the band.
· For the purposes of the new co-existence solutions the UE is not required to read the system information of these scanned carrier frequencies like in the PLMN selection but instead more optimized detection for detecting LTE TDD DL/UL deployment on adjacent carrier would be sufficient. Naturally the detection could also be done by reading system information if that is seen smaller effort and change from the UE implementation point of view. 
· UE implementation freedom could be allowed in the implementation of UE sensing as RAN4 requirements and test cases would be used for validating correct UE detection behavior and performance. Implementation freedom will enable more implementation optimizations.
The existing UEs are also required to be able to search for higher priority PLMNs (or suitable PLMN) at regular time interval. The smallest interval for this regular higher priority PLMN search is 6 minutes as defined by TS23.122. 

· Similarly like regular higher priority PLMN search regular sensing and detection of LTE TDD DL/UL operations in the neighboring channels of the planned LTE TDD DL only SCell could be used for ensuring that LTE TDD DL only operations will not create any co-existence issues to TDD DL/UL operations even when even the UE moves in the network.

· In our view similar or even more relaxed time requirements and assumptions as for the higher priority PLMN search could be used for setting the UE requirements for the regular UE co-existence sensing. This will also enable further UE complexity and power saving optimizations. 
Additionally unlike in case of PLMN searches both the specification and LTE PCell can provide additional information, which carrier frequencies on a given frequency band or on its close proximity should be searched. This further simplifies UE complexity compared to the existing PLMN search support.

The UE reporting of the sensing results to the active PCell would follow normal UE reporting mechanisms defined in TS36.331 and therefore also reporting complexity should not be higher than what required from the UEs today. 
Ensuring mandatory support and testability of necessary interference mitigation solution(s) is a pre-requisite for specifying the new TDD configurations 10:0:0/9:1:0 for LTE TDD.

6.5.1.2
Antenna downtilt

Base station antenna downtilt is used in network deployments to control inter-cell co-channel interference. Antenna downtilt could further be used to mitigate coexistence issues between LTE TDD cells with both DL and UL transmissions and LTE TDD cells with DL only transmissions on adjacent carriers of the same frequency band. However, using antenna downtilt as the only solution to mitigate coexistence problems will not mitigate coexistence issues. 
