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1. Introduction
In RAN1#90bis meetings, the followings are agreed. 
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
Agreement: 
· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement
· FFS in DCI discussion whether the SUL CIF is always present 
· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination
· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH
This contribution discusses the remaining issues of single transmission/reception for DC, and the remaining issues of SUL in NR LTE coexistence. 
2. Discussion on the granularity of backhaul signalling for DC in TDM
For single UL Tx in DC, the backhaul signaling for TDM pattern via enhanced X2 and Xn interface is agreed in RAN1#NR AH2. Also, for UL/DL TDM in DC, the backhaul signalling for TDM pattern via enhanced X2 and Xn interface is agreed in RAN1#NR AH3 where the subframe unit is considered for the backhaul signaling as an example in LS sent to RAN3. 
In Rel.15, LTE latency reduction item with short TTI transmission/reception is being specified. If allowing short TTI transmission/reception for LTE in DC, more flexible TDM can be possible. Figure 1 depicts the comparison between TDM in subframe and TDM in short TTI. It can be seen that the UL timings of LTE and NR in short TTI is more spreading than those in subframe, and the more various UL timings can make more reduced latency and effective resource allocation for both NR and LTE. The effect can be made similarly for UL/DL TDM in harmonic issue.
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Figure. 1. The granularity of backhaul signalling for single Tx
To facilitate short TTI transmission for LTE in DC, short TTI unit is required for the backhaul signalling between eNB and gNB. We propose that for single UL Tx in DC and for UL/DL TDM in DC, the granularity of the backhaul signaling for TDM pattern via enhanced X2 and Xn interface is as follows:
· 2/3 sTTI in LTE (2symbol/3symbol)
· Slot sTTI in LTE (7symbol)
· Subframe in LTE (already agreed)
If reducing the number of combinations of granularity for backhaul signalling, it can be considered that short TTI transmission is admitted in a limited specific resource, e.g., the fore side or the back side in a subframe. And, for scheduling/HARQ timing, LTE FDD LR scheduling/HARQ timing can be used without any more specification impact.
Proposal 1: For single UL Tx in DC and for UL/DL TDM in DC, the granularity of the backhaul signaling for TDM pattern via enhanced X2 and Xn interface is as follows:
· 2/3 sTTI in LTE (2symbol/3symbol)
· Slot sTTI in LTE (7symbol)
· Subframe in LTE (already agreed)
Note: For scheduling/HARQ timing, LTE FDD LR scheduling/HARQ timing can be used without any more specification impact.
3. Supplementary UL
It is agreed in RAN1#91 meeting that the carrier for transmitting PUSCH and PUCCH can be indicated semi statically by RRC signalling. Also, PUSCH can be switched dynamically between SUL and UL by CIF in DCI. Whether PUSCH dynamic switching is supported or not is related to UE baseband/RF capability. In RAN4, all SUL bands are defined as inter-bands with UL in band combinations [1] where RF would be separated between SUL and UL carriers. Then, SUL capable UEs can be regarded as having the capability of dynamic PUSCH switching. 
Proposal 2: In Rel.15, SUL capable UEs are regarded as having the capability of dynamic PUSCH switching.
It is agreed in RAN1#91 meeting that CIF in DCI can be used to indicate the carrier on which PUSCH is transmitted for dynamic PUSCH switching. In terms of indicating CIF for UL/SUL, we see two options. First is to utilize CIF where either UL or SUL or both UL and SUL (depending on cross-carrier scheduling configuration) can be mapped to one or two CIF values for UL grants. Second option is to have separate field from CA CIF field specifically for this purpose. Both options have pros and cons. The drawback of first approach would be the case where scheduling DCI for DL and UL grant is shared by DL/UL separation indication. In such a case, having multiple UL carriers mapping to one DL carrier may not effectively work. However, the first approach has benefits by not adding any new DCI field. To simplify and also support UL/SUL even in single carrier case without cross-carrier scheduling, we can consider to have a separate field for identifying UL/SUL. 
In Rel.15, since there is only two uplink carriers in band combination [1], it is sufficient that SUL CIF has 1 bit. Then, we can assume that SUL CIF represents whether PUSCH carrier can be different from PUCCH carrier or not. In other words, having SUL CIF field can be configured by higher layer if the network has intention to have dynamic switching between UL/SUL. 
Proposal 3: Dynamic switching of PUSCH between UL and SUL can be configured. If configured, DCI format can have 1 bit SUL CIF field.
Another remaining issue is whether SUL CIF field is present in fallback DCI when dynamic switching is also configured. As SUL CIF field itself is configurable, in our view, this should not be part of fallback DCI. 
Proposal 4: Fallback DCI does not contain SUL CIF. 
When the UE is received UL grant via fallback DCI, it’s assumed that the carrier where PUCCH is transmitted is scheduled. 
Proposal 5: Either when SUL CIF field is not present or not configured, a UE assume that UL grant schedules PUSCH in the same carrier where PUCCH is configured. 
In dynamic PUSCH switching, PUSCH and PUCCH can be scheduled with time overlapping in resources to be transmitted on, which can be occurred in the same or different carrier. In RAN plenary#77, it is agreed that simultaneous PUSCH and PUCCH transmission would not be treated in Rel-15 [2]. Thus, for the issue, piggyback or dropping rule is necessary in SUL. If PUSCH and PUCCH are scheduled with time overlapping, and the transmission numerology is the same, we can follow the same piggyback rule as PUSCH PUCCH piggyback rule to be designed in a single carrier or carrier aggregation. It is still FFS whether the same numerology is assumed between UL and SUL associated with the same DL carrier or different numerologies are supported. Generally, having different numerologies between UL carriers in a PUCCH group can complicate the overall specification. Thus, our preference is to support different PUSCH and PUCCH carrier between UL and SUL only when both uses the same numerology at least in Rel-15. 
Proposal 6: Same numerology between UL and SUL is assumed to be used at least when transmissions are partially or fully overlapped. UCI piggybacking on CA can be reused for UL/SUL case. 
Another remaining issue is whether initial and retransmission can be transmitted from different carrier, and configuration of HARQ process ID number. With the assumption that the same numerology is used between UL and SUL, and the same processing time is supported between UL and SUL (e.g., for n1 and n2), initial and retransmission can occur in either UL/SUL if dynamic switching is configured. To support this, it is also assumed that the configured number of HARQ processes is applied to both UL/SUL.   
Proposal 7: With the assumption of same numerology and same processing time between UL and SUL, when dynamic PUSCH switching is configured, retransmission can be scheduled to SUL when initial transmission has been scheduled to UL (and vice versa). HARQ processes are shared between UL and SUL. 
4. Conclusion
Based on the discussion, we made the following proposals:
Proposal 1: For single UL Tx in DC and for UL/DL TDM in DC, the granularity of the backhaul signaling for TDM pattern via enhanced X2 and Xn interface is as follows:
· 2/3 sTTI in LTE (2symbol/3symbol)
· Slot sTTI in LTE (7symbol)
· Subframe in LTE (already agreed)
Note: For scheduling/HARQ timing, LTE FDD LR scheduling/HARQ timing can be used without any more specification impact.
Proposal 2: In Rel.15, SUL capable UEs are regarded as having the capability of dynamic PUSCH switching.
Proposal 3: Dynamic switching of PUSCH between UL and SUL can be configured. If configured, DCI format can have 1 bit SUL CIF field.
Proposal 4: Fallback DCI does not contain SUL CIF.
Proposal 5: Either when SUL CIF field is not present or not configured, a UE assume that UL grant schedules PUSCH in the same carrier where PUCCH is configured.
Proposal 6: Same numerology between UL and SUL is assumed to be used at least when transmissions are partially or fully overlapped. UCI piggybacking on CA can be reused for UL/SUL case.
Proposal 7: With the assumption of same numerology and same processing time between UL and SUL, when dynamic PUSCH switching is configured, retransmission can be scheduled to SUL when initial transmission has been scheduled to UL (and vice versa). HARQ processes are shared between UL and SUL.
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