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Introduction
In the last RAN1 #87a meeting, NR LTE UL coexistence has been discussed with the following agreements [1]. 
Agreements:
· LTE-NR co-existence should support the following UL sharing scenarios:
· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE
· Detailed sharing on the UL is FFS 
· Note: this is not intended to have impact on legacy LTE UEs
· LTE DL on a paired frequency F3
· NR DL transmission on frequency F2 (different than LTE DL frequency)
· NR UE operates in either of the following cases based on a common NR design:
· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2
· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS

In this contribution, we focus on design principles enable NR LTE UL coexistence in the same channel for FDD systems. Similar ideas would be applicable to TDD systems when sharing the UL resources. 

The intention is to enable efficient resource sharing without introducing too much complexity to the NR design, not negatively impact the NR efficiency, since the need for the coexistence mechanisms will likely diminish over time as legacy services get replaced with the newer services.

NR LTE UL Coexistence
NR and LTE NR UL co-existence can also be facilitated on the same carrier for FDD and TDD systems subject to certain limitations. By allowing a flexible NR structure that can occupy a configurable subset of the time and frequency resources, co-existence can be achieved.
When we look at the UL resource usage for LTE:
· PUSCH: Occupies the middle of the band. Scheduler controls the usage of these resources.

· PUCCH: Occupies the edges of the UL band. The amount of frequency resources taken up by PUCCH is RRC configured. Users transmit control signalling not associated with UL data transmission such as HARQ response (based on the HARQ timeline), Scheduling Requests, channel/MIMO feedback (CQI, PMI, RI) in PUCCH.


· PRACH: Time-frequency resources for PRACH are semi-statically allocated within the UL resources. The start of the 6 RB PRACH region is configured by the frequency offset signalled by RRC. The PRACH configuration also specifies the slot position and the periodicity. 

· SRS: SRS is transmitted on the last symbol of a subframe. The bandwidth and the periodicity are configured through RRC. 

LTE can omit scheduling UL data (PUSCH) on certain subframes. However, LTE PUCCH, SRS and PRACH transmissions can still occupy certain time and frequency resources within those subframes. In order to prevent any performance impact, LTE PUCCH, SRS and PRACH resources should be reserved for LTE. Allowing NR to operate within the remaining subset of resources can enable co-existence (Figure 2). Since SRS avoidance requires time domain multiplexing, NR UL would need to support a slot structure that allows blanking the last symbol of the LTE subframe.
Proposal 1: Consider NR UL to support a slot structure that allows blanking symbols that coincide with LTE SRS transmissions.
Since resource allocations for all these physical channels are RRC controlled, NR can know these semi-static allocations and also notify NR UEs through RRC signalling. At any point in time, NR UE would know which time/frequency resources are available to NR.
Proposal 2: Consider NR and LTE to share RRC-configuration information regarding PRACH and SRS configurations in order to identify orthogonal time and frequency resources in a semi-static fashion.


Figure 2: FDD Co-channel LTE and NR: UL Resource Sharing
From NR performance point of view, there are also a few key considerations. 
· PUSCH: UL data transmissions grants are sent in DCI. Tight coordination between collocated LTE and NR UL schedulers can ensure resource orthogonalization. For example, only one RAT gets scheduled PUSCH in any given slot. Alternatively, the resource sharing schedule across the two RATs can be configured semi-statically, eliminating the need for tight coordination.

· PUCCH: A very important consideration is NR UL control information. Since all slots would not be available for NR UL usage, one option is to schedule PUCCH transmissions through DCI as well, similar to PUSCH. In this case of non-continuous PUCCH resource availability, there may be several issues:

· NR HARQ timeline and the number of available DL HARQ processes needs to be taken into account when scheduling resources. This may impose additional requirements such as being able to send HARQ response for multiple HARQ processes at the same time, even for FDD systems. There would also be a latency impact on DL operation due to the delayed HARQ responses.
· It would also add latency to UL operation since a UE would need to wait for PUCCH scheduling to send an SR when it has new UL data to send. 
Semi-static allocation of some guaranteed NR resources would help overcome some of the issues listed above related to PUCCH operation.
Proposal 3: Consider semi-statically configured, guaranteed allocation of certain time/frequency resources to NR PUCCH and PRACH to allow simpler management of DL HARQ processes and timeline as well as to minimize latency impact on NR operation.
 
· RACH: For reliable NR random access performance, it would be beneficial for LTE to semi-statically reserve the resources configured by NR as RACH. This would help eliminate the need for NR UEs to be dynamically notified about the NR resource availability in each slot without compromising RACH performance. 

· SRS: LTE may also need to vacate resources for semi-statically configured NR SRS transmissions. This also helps remove the need for NR UEs to be dynamically notified about the NR resource availability in each slot to decide whether to not to send SRS.

Taking into account the above considerations to minimize performance impact, NR and LTE UL schedulers can coordinate scheduling of UL resources. Note that this type of TDM resource sharing could impact the latency of both LTE and NR systems.
Conclusions
Proposal 1: Consider NR UL to support a slot structure that allows blanking symbols that coincide with LTE SRS transmissions.
Proposal 2: Consider NR and LTE to share RRC-configuration information regarding PRACH and SRS configurations in order to identify orthogonal time and frequency resources in a semi-static fashion.
Proposal 3: Consider semi-statically configured, guaranteed allocation of certain time/frequency resources to NR PUCCH and PRACH to allow simpler management of DL HARQ processes and timeline as well as to minimize latency impact on NR operation.
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