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Introduction 
In this contribution, various remaining issues on NR-LTE coexistence are discussed, which are
1. Discussion and comparison on UE self-interference handling mechanisms, i.e., time-domain and frequency-domain solutions. 
2. Clarification on the applicable scenario for supplemental UL.
3. Discussion on the need of time pattern signaling to single UL transmission NSA UEs and the UE behavior when simultaneous UL transmissions are scheduled.
4. Discussion on example solutions for coverage extension for NR-PUSCH carrying UCI only.
Remaining details of NR-LTE coexistence 
UE self-interference handling
The self-interference issue is of concern when a UE is configured with DL and UL carriers, whose combination is subject to self-interference at the UE. For instance, a UE is operating on NR carrier on B42 (3.4-3.6 GHz) while the UE is also configured on B3 (1.8 GHz) either for NR SUL or for LTE UL in the case of NSA scenario. When the UE transmits UL on B3, there is a second order harmonic interference on B42 NR DL reception. There could be also harmonic mixing interference on B3 DL reception when the UE transmits on B42 as well. Regardless to say, it will be good if RAN4 band combination can avoid such grouping but there were already such band combination in LTE as well, i.e., RAN4 Class A2 inter-band CA case [1]. 
From procedural perspective, the RAN4’s study on the self-interference for this band combination should be proceeded as the self-interference impact can be quite dependent on the device implementation such as the internal placement architecture, Harmonic power leakage severance performance on PCB board, and the use/performance of harmonic trap filter (HTF). As the LTE Class A2 inter-band CA, a proper performance requirements, e.g., receiver reference sensitivity/maximum sensitivity degradation (MSD), needs to be set by RAN4, which can be in parallel with consideration on self-interference avoidance mechanism in RAN1. 
Proposal 1: Send an LS to RAN4 to ask to perform analysis on UE-self interference impact and to define corresponding RAN4 requirements. 
Regarding the self-interference avoidance, two approaches have been discussed in RAN1 #90 as copied in the following agreement [2]:
	
Agreements:
· RAN1 should investigate resource management approaches (e.g., time-domain, frequency-domain, etc.) for handling harmonic-related interference between a pair of UL (F1) and DL (F2) carriers 
· The investigation should include performance, complexity, necessary potential specification impacts (e.g., network signaling, etc.), etc.




Time-domain solution:
Time-domain solution refers to half-duplexing between DL and UL for bands subject to UE self-interference. It has been claimed that the half-duplex may severely affect the system performance and, thus, may not be an ideal solution. It is true that from a single UE perspective, the performance will be limited due to the half-duplexing between DL and UL on different carrier frequency. However, from a network perspective, when a UE is scheduled for DL (or UL) at a given instance, it is possible to schedule another UE for UL (or DL) at the same instance. Therefore, if there is more than one active UEs in the system, it is not necessarily true that the system performance is limited by half-duplexing. On the other hand, the half-duplexing option can be favorable to UE RF implementation in terms of less stringent requirement on HTF performance or PCB isolation.
Observation 1: Time-domain solution, i.e., half-duplexing, does not necessarily limit the system performance as the network can multiplex multiple UEs to fully utilize the resources.  
Observation 2: The half-duplexing option can be favorable to UE RF implementation as stringent requirements on harmonic interference suppression can be avoided. 
From specification impact point of view, if the concerned scenario is NSA or non-collocated NR SA such that there are more than one base stations involved, a coordination between the base stations is needed to guarantee the half-duplex operation at the UE. For instance, a time-pattern is needed to be semi-statically shared to avoid DL/UL conflicts between base stations. On the other hand, if it is the NSA scenario, the half-duplexing will limit the LTE UL transmission opportunities. Therefore, the LTE DL HARQ feedback timing will be restricted in reverse as in the single UL transmission for NSA UEs. Therefore, when the half-duplexing is used in the NSA scenario, LTE DL HARQ feedback timing can be adjusted similar to the single UL transmission for NSA UEs. 
Observation 3: From specification impact point of view, the half-duplexing may require semi-static time pattern sharing between base stations for non-collocated scenario, and consideration for LTE DL HARQ feedback timing for NSA scenario.
Frequency-domain solution:
Frequency-domain solution refers to an approach to avoid affected frequency resources via scheduler implementation. The frequency-domain solution is considered as an alternative to overcome the inefficiency of the half-duplexing approach. However, fundamentally there is a restriction, similar to the time-domain solution, on the scheduling flexibility. The difference is that now the restriction is imposed in the frequency-domain rather than in the time-domain. In both time-domain and frequency-domain solutions, there is no way to overcome the restriction from UE-perspective but it can be overcome from network-perspective via scheduler by multiplexing other UEs on the impacted resources. 
Observation 4: In both time-domain and frequency-domain solutions, there is no way to overcome the restriction from UE-perspective but it can be overcome from network-perspective via scheduler by multiplexing other UEs on the impacted resources.
On the other hand, even with the frequency-domain solution implemented, a RF requirement is still needed to be defined to have an expectable performance when the UE is scheduled for frequency resources not overlapping with but adjacent to the self-interference impacted resources. Therefore, from UE implementation perspective, the frequency-domain solution still require a UE to meet a certain requirement on HTF performance and/or PCB isolation.
Observation 5: With frequency-domain solution, the UE still needs to meet a certain requirement on harmonic interference suppression. 
On the other hand, there are several practical challenges with frequency-domain approach compared to time-domain approach. In case when more than one base station entities are involved, the dynamic time/frequency scheduling information needs to be shared between them. That is because the self-interference impacted resources are subject to the frequency domain scheduling. In cases of non-collocated deployments, such dynamic scheduling information sharing will be quite difficult with non-ideal backhaul. In cases of NSA deployments, the dynamic scheduling information exchange may not be feasible if the eNB and gNB vendors are different.
Observation 6: With frequency-domain solution, there may be a need for dynamic time/frequency scheduling information exchange between base stations, which is difficult in non-collocated scenario or multi-vendor network deployment scenario. 
To this end, the following proposal is made.
Proposal 2: Time-domain solution for self-interference handling is considered with higher priority in Rel-15. 
Clarification on the scenario for supplemental UL
In RAN1 #89, it was agreed to support supplemental UL (SUL) as complimentary access link to NR TDD and to NR FDD [3]. The motivation was due to the limited NR UL coverage compared to NR DL coverage due to higher carrier frequency and limited UE transmission power.
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Figure 1. Supplemental UL deployments
The motivation was due to the limited NR UL coverage compared to NR DL coverage due to higher carrier frequency and limited UE transmission power. Although it was not explicitly agreed, the main usage scenario for SUL has been collocated NR deployment. For instance, the following agreements were made in RAN1 #90 regarding the UE operation to select the carrier for initial access and the UL power control for SUL.
	Agreements:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 

Agreements:
· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.
· Power adjustment for SUL should be taken into account in the uplink power control
· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.
· Note: it may be possible to include the power adjustment in P0.



It can be seen that the above agreements were built on the collocated deployment assumption. To expedite the NR phase I WI progress within Rel-15 and to avoid any possible confusion, the following proposal is made:
Proposal 3: The supplemental UL feature is applicable to collocated scenarios only within the scope of Rel-15. 

Remaining details for single UL transmission 
In RAN1#90, it was proposed and discussed that a NSA UE configured with single UL transmission is also configured with a time pattern for LTE UL resource [3]. With the configured time pattern, if the UE is scheduled for NR UL transmission, the following two options were considered:
· Option 1) The UE is expected to transmit NR UL if not overlapping with LTE UL transmission.
· Option 2) The UE is not expected to transmit NR UL during indicated resources. 
Note that with option 1, there is no need to signal the LTE UL resource time pattern to the UE since the UE anyway need to check whether NR UL transmission overlaps with LTE UL transmission or not. Therefore, it is an unnecessary signalling to UE. Note that with option 2, although the network configured the UE on the LTE UL resource time pattern, there may be actually no LTE UL transmission at a given instance within the configured time pattern. Then option 2 unnecessarily limit the NR UL transmission opportunities and thereby imposes unnecessary restriction on flexible NR operation. 
Observation 7: Regarding single UL transmission for NSA UEs, no time pattern signalling to UE is necessary. 
In RAN1 NR-AH#2, it was agreed that “UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB” [4]. Given the coordination between eNB and gNB, the scheduling of simultaneous NR and LTE UL transmission is simply an error case. Therefore, a simple resolution can be made in such a way that the NSA UE configured with single UL Tx is not expected to receive UL grants indicating NR UL transmission and LTE UL transmission at the same instance. In case if the error case occurs, it can be handled by UE implementation, i.e., the UE may simply transmit on both RATs, the UE may choose to transmit on one RAT, or the UE may not transmit on both RATs.
Proposal 4: For NSA UEs configured with single UL transmission, the UE is not expected to receive UL grants indicating NR UL transmission and LTE UL transmission overlapping in time.

Coverage extension for NR-PUSCH carrying UCI only
In RAN1#90, it was agreed to define necessary mechanism to extend the coverage of NR-PUSCH with UCI only comparable to that of NR DL [2].
	Agreements:
· Define the necessary mechanisms to ensure that NR-PUSCH which carries only control information can reach a similar coverage as NR DL control in scenario 1
· Example mechanisms 
· Support for a small TB size design to carry RLC-feedback and CSI-feedback
· FFS for piggybacking HARQ-ACK
· Support for TTI bundling / repetition, TBS scaling for improved coverage for NR-PUSCH
· Note that these mechanisms may be useful for other scenarios, e.g., scenario 2



This agreement was particularly motivated for scenario where there is a UE who is not configured with supplemental UL (SUL) or does not have SUL capability. In such scenario, while UL data can go through LTE, the NR system can be limited by NR UCI transmission coverage. Therefore, it is seen that there is a good motivation to improve the coverage for NR-PUSCH with UCI. 
[bookmark: _GoBack]Among multiple example mechanisms discussed last meeting as captured above. The small TB size design and TBS scaling for PUSCH are unclear as there is no UL-SCH from MAC layer. On the other hand, the TTI bundling approach can be benefited from channel coding compared to the TTI repetition. Therefore, the following proposal is made along with the consideration to expedite the NR phase I WI progress within Rel-15. 
Proposal 5: For Coverage extension for NR-PUSCH carrying UCI only, TTI bundling should be prioritized in Rel-15. 
Conclusion
In this contribution, we discussed the remaining details of NR-LTE coexistence and the following observations and proposals were made. 
Observation 1: Time-domain solution, i.e., half-duplexing, does not necessarily limit the system performance as the network can multiplex multiple UEs to fully utilize the resources.  
Observation 2: The half-duplexing option can be favorable to UE RF implementation as stringent requirements on harmonic interference suppression can be avoided. 
Observation 3: From specification impact point of view, the half-duplexing may require semi-static time pattern sharing between base stations for non-collocated scenario, and consideration for LTE DL HARQ feedback timing for NSA scenario.
Observation 4: In both time-domain and frequency-domain solutions, there is no way to overcome the restriction from UE-perspective but it can be overcome from network-perspective via scheduler by multiplexing other UEs on the impacted resources.
Observation 5: With frequency-domain solution, the UE still needs to meet a certain requirement on harmonic interference suppression. 
Observation 6: With frequency-domain solution, there may be a need for dynamic time/frequency scheduling information exchange between base stations, which is difficult in non-collocated scenario or multi-vendor network deployment scenario. 
Proposal 2: Time-domain solution for self-interference handling is considered with higher priority in Rel-15. 
Proposal 3: The supplemental UL feature is applicable to collocated scenarios only within the scope of Rel-15. 
Observation 7: Regarding single UL transmission for NSA UEs, no time pattern signalling to UE is necessary. 
Proposal 4: For NSA UEs configured with single UL transmission, the UE is not expected to receive UL grants indicating NR UL transmission and LTE UL transmission overlapping in time.
Proposal 5: For Coverage extension for NR-PUSCH carrying UCI only, TTI bundling should be prioritized in Rel-15. 
References
[1] R4-147741, B3+B42 A2 CA combination, Qualcomm Incorporated, 3GPP TSG RAN WG4 #73, Nov., 2014.
[2] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 #90, Aug., 2017.
[3] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 #89, May, 2017.
[4] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 NR Ad-Hoc#2, Jun., 2017.
5

image1.png
UL coverage at 1.9

@

NR UL coverage
at 3.5GHz




