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1. [bookmark: OLE_LINK3]Introduction
In RAN1 meeting in Prague (and earlier), different solutions were discussed and following agreed:
· When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· For LTE carrier, UE can be configured with 
· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 
· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied
· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration
· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact
· Case 2: Release 15 LTE-FDD HARQ timing
· No impact on LTE RAN1 specifications
· Note: it doesn’t necessarily imply that UE has to support both cases
At RAN1#90bis meeting further agreement is achieved as following:
Agreement: 
· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.
· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions

Agreements:
· DL/UL TDM (to avoid self-interference due to harmonics) is a network decision on a per-UE basis
· No RRC configuration signalling is provided to the UE for this purpose (except FFS for the LTE RRC signalling to configure Case 1 HARQ timing)
· UEs can be scheduled for NR or LTE uplink transmission in an arbitrary slot
· UEs can be scheduled for NR or LTE downlink transmission in an arbitrary slot
· For the case of a UE configured with multiple uplink carriers (regardless of SUL or not) but where the UE is assumed to only operate on one uplink carrier at a time: 
· No RRC configuration signalling is provided to the UE for this purpose (except for the LTE RRC signalling to configure Case 1 HARQ timing)
· UEs can be scheduled for uplink NR transmission in an arbitrary slot
· The UE behaviour in case of being simultaneously scheduled on LTE and NR uplinks is not specified

In addition there is one RAN1 email discussion [90b-NR-39], and following is the agreement during email discussion:
Proposed agreements:
In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the  reference TDD configuration. Additionally, a UE-specific HARQ subframe offset can be configured.
The offset (HARQ_offset) is in the range [0…9]
The offset doesn’t change any subframe or slot number
If, before applying the offset, the HARQ feedback for DL SF number m was mapped to UL SF number n, then after the offset, the HARQ feedback for DL SF number (m + HARQ_offset) is mapped to UL SF  number (n + HARQ_offset)
If, before applying the offset, the PUSCH in SF number m was scheduled (by UL grant or PHICH) in SF number n, then after the offset, the PUSCH in SF number (m + HARQ_offset) is scheduled (by UL  grant or PHICH) in SF number (n + HARQ_offset)
If, before applying the offset, the HARQ-ACK (if carried on PHICH) corresponding to PUSCH in SF number m was transmitted in SF number n, then after the offset, the HARQ-ACK (if carried on PHICH)  corresponding to PUSCH in SF number (m + HARQ_offset) is transmitted in SF number (n + HARQ_offset)
SRS and PRACH transmission may only occur in subframes indicated as UL in the reference TDD configuration but shifted by the configured non-zero HARQ_offset

This paper intends to discuss what the potential impact to RAN2’s spec is.
1. [bookmark: OLE_LINK9]Discussion
There are two cases from HARQ timing point of view:
Case1: the downlink scheduling HARQ timing will follow TDD HARQ timing and UE should be configured with “DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell”. 
Case2: the downlink scheduling HARQ timing will follow FDD HARQ timing
According to RAN1’s agreement at RAN1#90bis meeting, for case 1 RRC signaling is needed to tell UE in which subframe PUCCH feedback should be sent. There is one email discussion [90b-NR-39] in RAN1 concluded that additionally UE specific offset is needed for HARQ timing.
Proposal1: for case1, TDD UL/DL configuration and one UE specific offset addressing TDD HARQ timing should be signaled to UE with RRC dedicated signaling. 

The coordinated TDM pattern over X2/Xn interface for LTE should at least cover the signaled UL/DL configuration. If eNB decide to reserve more uplink subframes for uplink scheduling, those additional uplink subframes should be signaled to UE also to avoid any collision between eNB and gNB. The consequence is that reserved uplink subframe between PUCCH (ACK/NACK) and other channel e.g. PUSCH will be different. In addition RAN1 agreed during email discussion [90b-NR-39] that “In Case 1, LTE TDD UL HARQ timing is supported and the UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration.” That means no PUSCH and PUCCH (ACK) transmission is allowed out of the signaled uplink subframes.
Propossal2: the coordinated TDM pattern over X2/Xn interface should be aligned with UE specific TDD UL/DL configuration over Uu interface in R15

Because the TDM pattern over X2/Xn is UE specific and it is the same to the RRC signaling, same IE could be defined in RRC spec for both purpose to save standardization efforts considering this is the last meeting to complete non-stand alone architecture. Therefore RRC container could be transported over X2/Xn interface and RAN3 is not bothered by this topic. The RRC container can simply include LTE TDD UL/DL configuration defined in 36.211 with one UE specific offset.
Proposal2a: A RRC container is defined for the TDM patter over X2/Xn interface

The RRC signaling for case1 is to indicate HARQ timing information i.e. PUCCH(ACK/NACK) and PUSCH transmission in uplink with one UE specific offset. The whole uplink and downlink TDD HARQ timing is shifted while relative timing is not changed. And the PUSCH transmission and PUCCH(ACK/NACK) is not allowed out of the signaled uplink subframes. Other information on PUCCH i.e. SR, CSI as well as other uplink channels i.e. PRACH, SRS should be also allowed in those reserved uplink subframe because this subframe has already allocated for uplink transmission in LTE side. 
For uplink subframes not covered by the signaled UL/DL configuration, PRACH and SRS transmission is allowed but not required. Here is the RAN1 agreement:
Agreement: 
· For Case 1, FDD timing configuration (i.e., periodicity and offset) is applied to LTE PRACH and SRS on LTE UL carriers.
· The UE is not required to support transmission of LTE PRACH or SRS transmission which does not coincide with the configured HARQ-ACK transmission occasions
There is no explicit further RAN1 agreement about PUCCH with SR or CSI, but we think the same principle should be aligned to avoid further impact on LTE specification. 
One more thing to clarify is that SR, CSI report, PRACH and SRS should still be configured with FDD timing. In the sense the UL/DL configuration with UE specific offset looks like a mask in time domain but nothing else. Here is the example from [1]:
[image: ]
Proposal3: for case1, the uplink subframes (including special subframe) in the signaled UL/DL configuration are applied for all uplink transmission on PUCCH and all other uplink channels in LTE side
Propsal3a: for case1, in the uplink subframes (including special subframe) not in the signaled UL/DL configuration, PUCCH ACK and PUSCH transmission is not allowed 
Propsal3b: for case1, in the uplink subframes (including special subframe) not in the signaled UL/DL configuration, UE is allowed but not required to transmit SR, CSI report, SRS and PRACH

The signaled TDD UL/DL configuration is reserved for all the LTE uplink channels, but still the collision between LTE and NR could occur because RAN1 agreed that “UEs can be scheduled for uplink NR transmission in an arbitrary slot”. That means gNB will be notified via X2 interface which subframes are reserved by eNB, but how to respect the coordinated TDM pattern is up to gNB’s implementation and there is no impact on NR specification. In addition RAN1 also agreed that “The UE behavior in case of being simultaneously scheduled on LTE and NR uplinks is not specified”. In general LTE data packet is more important because service like VoIP will most likely configured in LTE side. On other hand some of the NR packets e.g. SRB3 or RLC status report is also very important [2]. By taking RAN1’s agreement into account, it could be up to UE’s implementation.
Proposal4: for case1, if transmission collision happens between LTE and NR, it is up to UE’s implementation to decide which transmission will be dropped

For case2, RAN1 agreed that:
· For the case of a UE configured with multiple uplink carriers (regardless of SUL or not) but where the UE is assumed to only operate on one uplink carrier at a time: 
· No RRC configuration signalling is provided to the UE for this purpose (except for the LTE RRC signalling to configure Case 1 HARQ timing)
This is mainly because for uplink scheduling UE will follow FDD HARQ timing. Because most likely low spectrum with IMD issue is FFD spectrum, UE just follow normal FDD spec behavior i.e. nothing new from HARQ timing point of view. 
However, as we expressed above, the reserved uplink subframes are not only related to PUCCH(ACK/NACK) transmission, it is also related to other uplink channels. Without explicit TDM pattern from the network the UE actually doesn’t know what the coordinated result between gNB and eNB is. Therefore UE will behave in the same way regardless outcome of the coordination. We intend to think this will make the coordination between eNB and gNB much meaningless. The difference between case 1 and case2 is due to the fact that UE will follow different HARQ timing in LTE side. And this difference should not impact principle over the radio in LTE side. In short we think coordinated TDM pattern over X2/Xn interface should also be signaled to UE in LTE side by dedicated RRC signaling. And UE should follow same principle as for case 1
Proposal5: The coordinated TDM pattern over X2/Xn interface should also be signaled to UE via dedicated RRC signaling
Proposal6: the proposal2~5 can be also applied for case2 except for the detail TDM pattern itself
The TDM pattern over X2/Xn interface can follow LTE FDD HARQ timing relationship and NR gNB can adapted its scheduling accordingly considering NR HARQ timing is much more flexible compared to LTE system. And this TDM pattern can be a 40 bit bitmap like ABS pattern in the past. This TDM pattern should be also UE specific to enable flexible uplink transmission in NR side. Here is one example assuming the pattern is repeated in 4 radio frames:

[image: ]
Figure 1
In this example the even subframes are reserved for UE1 and odd subframes are reserved for UE2. For UE1 if uplink transmission collision in subframe#2 occurs, then UE shall drop NR’s transmission. In subframe#7 in any case it is up to UE1’s implementation to decide which transmission will be dropped. And what happened to UE2 is on the contrary in this example. 
Proposal7: a 40 bit bitmap can be used to define TDM pattern for both X2/Xn interface and RRC signaling for case2

There are some questions raised in the contribution [3] from Nokia. Some of the stage2 issues are valid and listed below:
Control of SUO: Who decides on the UL activity pattern: MN, SN or both (e.g. via request-response mechanism)? Can either node request changes to the configured pattern?
We think this could follow normal principle defined for such procedures i.e. both MN and SN is allowed to trigger the coordination procedure but still MN can make the last decision. 
Proposal8: both MN and SN is allowed to trigger the coordination procedure but still MN can make the last decision
1. Conclusion
Proposal1: for case1, TDD UL/DL configuration and one UE specific offset addressing TDD HARQ timing should be signaled to UE with RRC dedicated signaling. 
Propossal2: the coordinated TDM pattern over X2/Xn interface should be aligned with UE specific TDD UL/DL configuration over Uu interface in R15
Proposal2a: A RRC container is defined for the TDM patter over X2/Xn interface
Proposal3: for case1, the uplink subframes (including special subframe) in the signaled UL/DL configuration are applied for all uplink transmission on PUCCH and all other uplink channels in LTE side
Propsal3a: for case1, in the uplink subframes (including special subframe) not in the signaled UL/DL configuration, PUCCH ACK and PUSCH transmission is not allowed 
Propsal3b: for case1, in the uplink subframes (including special subframe) not in the signaled UL/DL configuration, UE is allowed but not required to transmit SR, CSI report, SRS and PRACH
Proposal4: for case1, if transmission collision happens between LTE and NR, it is up to UE’s implementation to decide which transmission will be dropped
Proposal5: The coordinated TDM pattern over X2/Xn interface should also be signaled to UE via dedicated RRC signaling
Proposal6: the proposal2~5 can be also applied for case2 except for the detail TDM pattern itself
Proposal7: a 40 bit bitmap can be used to define TDM pattern for both X2/Xn interface and RRC signaling for case2
Proposal8: both MN and SN is allowed to trigger the coordination procedure but still MN can make the last decision
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1. Stage2 text proposal
7.x Single uplink transmission
In MR-DC, a UE can indicate through UE capability signalling whether it can only support single transmission in uplink for some channel allocation combinations per band combinations, as identified in [x]. 
If the band combination in use is a problematic one for the UE, according to its capability signalling, a TDM pattern, either an LTE UL/DL configuration with UE specific offset or a bitmap, will be signalled to UE. The LTE UL/DL configuration is similar as the DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell, but with one UE specific offset. The TDM pattern is applied for all uplink channels. PUCCH (SR, CSI report), PRACH and SRS are allowed but not required to be transmitted outside of the uplink subframes of the TDM pattern. 
The TDM pattern is included within an RRC container to enable coordination between E-UTRA and NR nodes. 
There is no specification impact on NR radio interface. If simultaneous uplink transmission occurs on the E-UTRA and NR sides, it is up to UE’s implementation to decide which transmission will be dropped.

[x]: RAN4’s specification
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