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1 Introduction

During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier [1]:
	-
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];

-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


In the scenario, LTE UL and NR UL within the bandwidth of an LTE FDD component carrier F1, LTE DL on a paired frequency F3 and NR DL transmission on frequency F2 (different than LTE DL frequency). There may be NR UL transmissions on frequency F2 as well if this is a TDD frequency. In this contribution, several aspects of this scenario are considered and discussed. 

2 Discussion
2.1 LTE-NR UL only sharing scenario
This contribution focuses on the uplink resource sharing of NR and LTE on the uplink carrier of the LTE FDD system, as agreed in the RAN1 NR AH January 2017 meeting [2], as illustrated in Figure 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
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Figure 1 (a) NR DL carrier and UL shared carrier (b) NR TDD carrier and UL shared carrier
2.2 Discussion on LTE-NR UL only sharing
2.2.1 Time synchronization
On the LTE-NR shared UL carrier frequency F1, the LTE timing is used by the collocated NR UL. The time synchronization among different cells or sites in LTE FDD system is not required, and thus different LTE sites may have different timings on F1. But for the NR dedicated carrier frequency F2 with SRS transmission, the NR carriers of different cells/TRPs/sites are supposed to be synchronized with each other since F2 is a TDD frequency. So there are timing offsets between the NR dedicated carrier frequency F2 and the LTE-NR shared UL carrier frequency F1, and the timing offsets of different NR sites/cells/TRPs on F1 are also different. On the LTE-NR shared UL carrier frequency F1, both LTE uplink signals and NR uplink signals are transmitted with TDM/FDM scheme. The NR UE will transmit the preamble to access the cell on F1 (at least for the case where there is no PRACH resource in NR UL on F2). If the UE has no knowledge about the timing offset, interference will occur between LTE uplink signals and NR uplink signals. According to the above analysis, the UE should be informed about the timing offset between the NR dedicated carrier frequency F2 and the LTE-NR shared UL carrier frequency F1. When a handover occurs, the timing offset of the target cell should also be informed to the NR UEs.
The timing offset between F1 and F2 could be informed to the NR UE by SIB carried on the NR dedicated carrier frequency F2. In dual connectivity scenario, the NR UE may measure the LTE DL reference signal to obtain the NR UL timing on F1.
Observation 1: In the scenario of LTE UL carrier sharing only, there is a timing offset between NR dedicated carrier frequency and LTE-NR shared uplink carrier frequency.

Proposal 1: Signaling for the timing offset indication needs to be supported.
2.2.2 Pathloss for power control
The LTE-NR shared UL carrier frequency F1 and the NR dedicated carrier frequency F2 will be located on different frequencies, and the two frequencies may far away from each other and using different TX/RX antenna configurations, thus the characteristics of the wireless channel of the NR dedicated carrier frequency F2 and the LTE-NR shared UL carrier frequency F1 could be different. Such characteristics include pathloss, breakpoint, penetration loss, shadow fading. Usually, massive MIMO is used for high frequency and for UE the measurement is based on some reference signals with beam management. For the LTE-NR shared UL carrier frequency F1, number of antennas is less than at the high frequency, so the antenna gain is different between high frequency and low frequency, and the difference is related to the UE location and antenna pattern. For the NR UEs, the measurement is based on the signals which are transmitted on the NR dedicated carrier frequency F2. However, such measurement information is not applicable to the characteristics of the LTE-NR shared UL carrier frequency F1 due to the difference between these two channels, as illustrated in Figure 2 (the simulation assumptions refer to Table A.2.1-11 in TR38.802 for urban Macro). Under this circumstance, the pathloss of the LTE-NR shared UL carrier frequency F1 is not available to the NR UE, resulting in the difficulty of the power control. 
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Figure 2 Pathloss comparison of 2.0GHZ, 3.5GHz and 30GHz
According to the above analysis, the mechanism of pathloss acquisition for the LTE-NR shared UL carrier frequency F1 needs to be supported. One of the solutions is that the pathloss is estimated by the gNB and informed to the NR UE. The pathloss of the LTE-NR shared UL carrier frequency F1 can be measured by gNB through uplink reference signal on the LTE-NR shared UL carrier frequency F1 whose initial transmission power can be configured by gNB according to the reported RSRP of the NR dedicated carrier frequency F2. Or the pathloss difference between the NR UL carrier frequency F2 and the LTE-NR shared UL carrier frequency F1 is estimated by the gNB and informed to the NR UE. The pathloss difference between the NR dedicated carrier frequency F2 and the LTE-NR shared UL carrier frequency F1 can be measured by gNB through the uplink reference signal on the LTE-NR shared UL carrier frequency F1 and the uplink reference signal on the NR dedicated carrier frequency F2 or the reported RSRP of the NR dedicated carrier frequency F2. The inaccuracy of the estimated pathloss can be compensated by the uplink power control command for the NR PUSCH/SRS/PUCCH. In addition for the NR PRACH power control, power ramping up for the preamble transmission can be used.
The initial evaluations results of NR UE executing the uplink power control based on the pathloss measured on the NR dedicated carrier frequency F2 and the indicated pathloss difference are presented in Table 1. The simulation assumption refers to the urban macro scenarios of TR38.802. 
· Case1: assume the NR UE can detect the LTE downlink reference signal to measure the pathloss of the LTE-NR shared UL carrier frequency F1
· Case2: NR UE executing the uplink power control based on the pathloss measured on the NR dedicated carrier frequency F2 and the indicated pathloss difference. 
· Case3: NR UE executing the uplink power control based on only the pathloss measured on the NR dedicated carrier frequency F2.
Table 1: performance comparison for power control solution
	
	Cell average throughput (Mbps)
	Cell edge throughput (Mbps)

	Case1
	36.24
	0.37

	Case2
	36.13(-0.3%)
	0.36(-2.7%)

	Case3
	34.30(-5.35%)
	0.28(-24.32%)


It can be observed from the simulation results that with the indicated pathloss difference, the NR UE can execute the uplink power control and get nearly similar performance with the assumption of intra-band measurement, but without the indicated pathloss difference there is a significant performance loss for the cell edge throughput.
In DC scenarios, NR UE may rely on the LTE downlink reference signal to measure the pathloss of the shared UL carrier.

Proposal 2: Mechanism of pathloss acquisition for the LTE-NR shared uplink carrier needs to be supported, when the frequency distance between NR downlink and shared UL uplink is larger than normal duplexing distance.
Proposal 3: Support the following pathloss acquisition mechanisms 

· Path loss is measured according to the uplink signal and informed to the UE by gNB
· Configurable pathloss offset is adopted between the NR dedicated carrier frequency and LTE-NR shared UL carrier frequency.
2.2.3 Uplink transmission mechanisms
One of the options for the UL-only carrier frequency usage is that the UL-only carrier frequency and the NR dedicated carrier frequency can be viewed as one NR carrier component. The two frequencies are viewed as one frequency band for NR which can be called low-high frequency pairing. And then the two carrier frequencies belong to different band parts in the same frequency band are viewed as one carrier component. 
Another option is carrier aggregation. In the current NR design, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported. Carrier aggregation including different carriers having same or different numerologies is supported. The number of NR CCs in any aggregation is independently configured for downlink and uplink. All of these designs have support uplink carrier aggregation and dual connectivity. In the UL only sharing scenario, the NR dedicated carrier frequency F2 can be a TDD frequency, resulting in a UL carrier aggregation scenarios with two uplink carriers and one downlink carrier. From network perspective, the NR SRS/PUCCH/PUSCH/PRACH can be transmitted on both UL carriers. Form UE perspective, for NR UE which has UL carrier aggregation capability, uplink signal can be transmitted on both carriers simultaneously. 
For the NR UE which has no UL carrier aggregation capability or no simultaneous uplink transmission capability, uplink signal can be transmitted on one of the carriers at a time and the carrier where the UE transmits uplink signal can be switched by triggering or configuration signaled by the gNB. 
· UL power sharing
For NR UE transmitting on two uplink frequencies, the UE transmission power can be shared between the two UL carrier frequencies, and carrier-frequency-specific maximum transmit power PCMAX,C can be configured to each UE. Usually, the channel propagation characteristics of the LTE-NR shared UL carrier frequency F1 is better than the NR dedicated carrier frequency F2, so more transmission power can be allocated to the NR dedicated carrier frequency F2 if the total transmit power reaches the UE max transmit power. But considering that the LTE-NR shared UL carrier frequency F1 is expected to be used to transmit essential signal such as PUCCH and transmission signals by cell edge UEs, more transmission power can be allocated to the LTE-NR shared carrier frequency F1. The power allocation and power scaling method should be flexible enough to allow these different choices to the network.

Proposal 4: Mechanism of power scaling needs to be supported for simultaneous uplink transmission on two UL carrier frequencies.
· UL preamble transmission

Consider the scenario that multiple UL carrier frequency including NR dedicated carrier frequency F2 and LTE-NR shared UL carrier frequency F1, two carrier frequencies can be used for the UE to transmit preamble to perform cell access. The gNB can configure PRACH resource and preamble format for both of the carrier frequencies. UE needs to determine the frequency for preamble transmission. UE can select the carrier frequency to transmit the preamble based on the downlink measurement on the NR dedicated carrier frequency F2. If the NR UE judges that the NR dedicated carrier frequency F2 is with poor quality, then the UE can select the LTE-NR shared UL carrier frequency F1 for the uplink transmission. 
Proposal 5: Mechanism of preamble transmission on UL carrier frequencies selection needs to be supported.
2.2.4 SRS

2.2.4.1 NR-SRS transmission on LTE-NR shared UL carrier

As was agreed in RAN1#88, aperiodic, periodic, and semi-persistent SRS are all supported in NR [3]. When transmitting NR-SRS on the LTE-NR shared UL carrier frequency F1, the NR-SRS and LTE UL signals should not interfere with each other. Considering that NR-SRS would only be transmitted in the interested bandwidth, the design of NR-SRS transmission on the LTE-NR shared UL carrier frequency F1 can focus on avoiding collisions between NR-SRS and LTE-SRS and between NR-SRS and LTE-PUSCH.

To avoid the collision between the NR-SRS and LTE PUSCH and LTE SRS, one possible way is that the cell specific SRS is configured to the LTE UE and only a subset of the SRS resource are configured to the LTE UE to transmit SRS and then the remaining resources can be used for the NR-SRS transmission where one of the NR-SRS configurations can perfectly match the reserved resources.

For other NR-SRS configurations, the resources can be reserved by not scheduling LTE users on the resource. 

2.2.4.2 NR-SRS transmission on different carrier frequency
To improve the DL-MIMO performance, it is desired to transmit SRS on the NR TDD carrier, and the TRP can estimate DL channel with SRS by channel reciprocity. Thus, the NR UE may be required to transmit NR-SRS on at least two carrier frequencies, i.e. the LTE-NR shared UL carrier frequency F1 and the NR dedicated carrier frequency F2. If the NR UE is not able to transmit the SRS on both frequencies simultaneously because of, e.g. UL capability limitation, SRS carrier switching can be considered as a solution. 

Proposal 6: SRS switching in LTE-NR coexistence scenario should be supported for NR..
2.2.5 Resource sharing
· RB/subcarrier mapping
For FDM resource sharing, the subcarrier and RB alignment between LTE and NR are preferred to avoid inter-subcarrier interference between LTE and NR. .
· Resource sharing scheme

Basically, UL resource sharing between NR and LTE can be FDM-based or TDM-based, dynamically or semi-statically. For FDM sharing, both NR and LTE have contiguous resources in time domain, and thus there will be no extra restrictions on feedback and scheduling for LTE and NR. 
· Resource for NR-PRACH and NR-PUCCH

The NR-PUCCH is a key feature to the NR system since it carries important control signals such as HARQ feedback and SR. Thus, the resource on the LTE-NR shared UL carrier frequency F1 for NR-PUCCH should be carefully considered.

There would be two kinds of NR-PUCCH: short duration and long duration. The short duration NR-PUCCH is with a length of one or two symbols, while the long duration NR-PUCCH would be transmitted across multiple slots in a 1ms duration, i.e. one subframe. Thus, to enable both kinds of NR-PUCCHs and to reduce additional NR scheduling complexity, it is desirable for LTE to reserve some resources for NR-PUCCH transmission in each subframe in a semi-static way. FDM is preferred to minimize the impact on both systems. It is expected that TDM in one subframe should also be feasible based on the basic NR design where the amount of UL parts of NR slots can be dynamically scheduled, thus allowing to use long or short PUCCH as appropriate to avoid collisions with LTE UL signals and channels.
Similarly, some reserved resources for NR-PRACH is beneficial for high reliable random access. NR-PRACH may not be necessarily transmitted in each subframe, and can be multiplexed with NR-PUCCH.
Proposal 7: Semi-statically configured dedicated resources for NR-PUCCH and NR-PRACH should be supported to minimize the impact on the HARQ mechanisms and timelines. 

· 
Discussion on TDM and FDM
In the sharing scenario, pure TDM sharing would have negative impact on both NR and LTE, no matter in subframe level or configured by higher layer signaling, which results in none continuous resource in time domain for both LTE and NR. And none continuous resource will results in impact on the HARQ and scheduling. For LTE, UL ACK/NACK feedback would suffer from limited UL subframes due to NR subframe insertion and the corresponding LTE DL subframes will be affected, and the SRS capacity would also be reduced. 

Observation 2: Pure TDM-based resource sharing has negative impact on both NR and LTE performance.
· 
Discussion on dynamic and semi-static resource sharing
UL resource sharing between NR and LTE can be semi-static and dynamic. With semi-static resource sharing, the scheduling flexibility will be affected, and it is not necessary due to that there is no fixed and always on signals on the LTE uplink. 
Proposal 8: Support dynamic sharing for NR PUSCH and LTE PUSCH in FDM+TDM manner.
Some candidates for resource sharing between LTE and NR are illustrated in Figure 3. Consider the available subcarriers on the shared carrier, NR may have more subcarriers than UE due to the high channel filter efficiency, and more resources can be utilized to allocate some NR channel on the RBs beyond the LTE PUCCH region, such as NR PUCCH and NR PRACH, this method can also provide semi-statically reserved resources for NR-PUCCH and NR-PRACH, as illustrated in Figure 3(a).
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Figure 3 Resource allocation methods between LTE and NR
3 Conclusion

In this contribution, the considerations of NR uplink operation on the uplink band of LTE are discussed. Based on the discussion, we have the following observations and proposals:
Observation 1: In the scenario of LTE UL carrier sharing only, there is a timing offset between NR dedicated carrier frequency and LTE-NR shared uplink carrier frequency.

Observation 2: Pure TDM-based resource sharing has negative impact on both NR and LTE performance.
Proposal 1: Signaling for the timing offset indication needs to be supported.
Proposal 2: Mechanism of pathloss acquisition for the LTE-NR shared uplink carrier needs to be supported, when the frequency distance between NR downlink and shared UL uplink is larger than normal duplexing distance.
Proposal 3: Support the following pathloss acquisition mechanisms 

· Path loss is measured according to the uplink signal and informed to the UE by gNB
· Configurable pathloss offset is adopted between the NR dedicated carrier frequency and LTE-NR shared UL carrier frequency.
Proposal 4: Mechanism of power scaling needs to be supported for simultaneous uplink transmission on two UL carrier frequencies.
Proposal 5: Mechanism of preamble transmission on UL carrier frequencies selection needs to be supported.

Proposal 6: SRS switching in LTE-NR coexistence scenario should be supported for NR.
Proposal 7: Semi-statically configured dedicated resources for NR-PUCCH and NR-PRACH should be supported to minimize the impact on the HARQ mechanisms and timelines.
Proposal 8: Support dynamic sharing for NR PUSCH and LTE PUSCH in FDM+TDM manner.
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