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Introduction
[bookmark: _Ref129681832]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


And in RAN1#88bis [2] there is some conclusion on the issues to be discussed for the LTE-NR UL sharing only scenario as below.
	· Study further at least the following issues when UL carrier in one frequency range and DL NR carrier in a different frequency range:
· Potential timing offset due to differences in channel delay profiles between UL and DL
· Pathloss difference between UL and DL (it is assumed that DL is used by a UE to measure the path loss)


In RAN1#89 [3], there are some conclusions on the single TX for SA and NSA mode as follows
	Agreements:
· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL (at least for the case when NR spectrum is below 6 GHz).
· Minimize impact to NR physical layer design to enable this co-existence
· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion
· Sent LS accommodating above agreement to RAN2 and RAN4 – Xiaodong (CMCC)


In RAN1#90 [4], more detailed agreements for UL power control were made.
	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.


In the scenario, LTE UL and NR UL are coexisting on the bandwidth of an LTE FDD component carrier F1, LTE DL on a paired frequency F3 and NR DL transmission on frequency F2 (different from LTE DL frequency). There may be NR UL transmissions on frequency F2 as well if this is a TDD frequency. In this contribution, the UL power control for this scenario is mainly discussed.
Discussion
This contribution focuses on the uplink resource sharing of NR and LTE on the uplink carrier of the LTE FDD system, as illustrated in Figure 1. The corresponding downlink carrier of LTE is not shared, i.e. there is no NR signal transmitted on the corresponding LTE DL carrier. The NR dedicated carrier could be used for all downlink transmissions, or could include SRS transmissions for better massive MIMO performance. On the LTE UL carrier, NR UL signal can be multiplexed with LTE UL signal in both TDM and FDM manner.
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[bookmark: _Ref473909289]Figure 1 (a) NR DL carrier and UL shared carrier (b) NR TDD carrier and UL shared carrier
The LTE-NR shared UL carrier frequency F1 and the NR dedicated carrier frequency F2 are different frequencies, and thus the channel characteristics will be different from each other due to the following factors
· Wireless channel including pathloss, breakpoint, penetration loss, shadow fading.
· TX/RX antenna configuration including number of antennas, antenna gain, beamforming etc. 
· Beamforming technologies including hybrid beamforming and beam management etc.
It is noted that the shared frequency F1 may be probably much lower than the NR dedicated frequency F2. Since Massive MIMO along with advanced beam technology is more likely to be used in high frequency scenarios, and thus the number of antennas used for F1 would be less than that for F2, resulting different antenna gain between F1 and F2. The antenna gain is also related to UE location and antenna pattern.
Besides, different beam forming methods may be used for F1 and F2, respectively. Considering these aspects, the pathloss of the shared F1 would be different from that of the NR dedicated F2 as illustrated in Figure 2 (its simulation assumptions are referred to Table A.2.1-11 in TR38.802 for urban Macro). It can be observed that different frequencies and/or antenna configurations would lead to different pathloss values. Due to the issue of pathloss difference, the pathloss of the NR dedicated F2 obtained via downlink measurement with certain reference signals is not applicable to support uplink power control on the shared F1.  
Observation: Different frequencies and/or antenna configurations would lead to different pathloss values between the NR dedicated carrier and the shared LTE UL carrier frequency.
It has been agreed in the last RAN1 meeting, that each UL carrier including SUL available for initial access should have its own separate power control configuration, and power adjustment for SUL should be taken into account in the uplink power control in order to compensate the pathloss difference between NR dedicated uplink and SUL.
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Figure 2 Pathloss comparison of 2.0 GHz, 3.5 GHz and 30 GHz
Note that, the antenna configurations including used physical antenna(s) and beam forming method depend on gNB implementation, which are not available to NR UEs. Thus the pathloss of the shared F1 cannot be obtained by UEs without any assisted signaling, resulting in difficulty of UL power control.
Power control during initial access
When UE selects the shared F1 for random access, the UE requires to acquire the corresponding pathloss to perform effective power control while such pathloss cannot be estimated only based on DL measurement on NR dedicated F2. To solve it, the following two options can be considered:
· Option 1: The gNB first roughly estimates the pathloss offset between the two UL carrier frequencies F1 and F2 based on frequency difference, antenna configuration and pattern etc, and then informs the pathloss offset to the UE, e.g., broadcasting the pathloss offset in RMSI.  In this way, the UE can obtain the pathloss of the shared F1 by adjusting the pathloss measured on the NR dedicated F2 according to the received pathloss offset.
· Option 2: The gNB configures two values of target preamble received power for UEs, where one value is for F1 and the other is for F2. In this way, the pathloss difference can be indicated by selecting the different proper values of target preamble received power. 
[bookmark: _GoBack]For option 2, the preamble initial received target power is not identical for all cases where PRACH formats with different length of root sequence may require different target power. In NR, UE could support multiple lengths of root sequence, and for each length of root sequence at least two values of target power need to be configured. For example, there are 16 candidate values for preamble initial received target power which is from -120dBm to -90dBm with 2dBm step, and 4 bits are sufficient for signaling such parameter. Since the pathloss difference can be at least 20dB for below 6 GHz, 4 bits are needed to signal the parameter if 2dBm step is used, and when combining the pathloss difference into the target power, the target power would range at least from -140dBm to -90dBm which requires 5 bits for signaling. Thus totally 20 bits (5 bits * 2 formats * 2 ULs) are needed to signal preamble initial received target powers for two carrier frequencies assuming that two different lengths of root sequence are supported. While for option 1, the pathloss offset is common for all the PRACH formats, and thus totally 12 bits (4 bits * 2 formats + 4 bits power offset) are enough. Thus, it can be concluded that the corresponding signaling overhead for option 2 is much less than that for option 1.
Another factor which needs the pathloss offset is that different UE in the cell may need different pathloss compensation between the downlink and the shared frequency F1. For the dense urban deployment scenario, about 80% users are indoor users and the remaining 20% are outdoor users. For indoor users the penetration loss difference between the shared UL frequency and NR dedicated carrier frequency also contribute to the total pathloss difference. And for the indoor users an additional pathloss offset may be needed. Then the indoor and outdoor users may need different pathloss to compensate the pathloss difference between the higher and lower frequency. One common received target power is not sufficient. Otherwise, the preamble transmitted by outdoor users will interfere with the indoor users’ preamble heavily due to different received power level at the base station receiver. 
One of the options is to apply the additional pathloss offset according to the downlink RSRP, where one threshold is compared with the RSRP. If the RSRP is lower than the threshold, then the users is an indoor user with very high probability (>95%). The other option is to broadcast one common received target power and a set of pathloss offsets, where pathloss offset is related to a range of the measured pathloss on NR dedicate downlink RSRP, and then UE select appropriate pathloss offset based on measured pathloss.
Proposal 2: To assist power control for PRACH transmission, following alternatives should be considered:
· Alt 1, RMSI broadcasts a pathloss offset between NR downlink and SUL;
· Alt 2, RMSI broadcasts a set of pathloss offsets, where each of pathloss offset is related to a range of measured pathloss on NR dedicate downlink RSRP.

Power control in connected mode
For UE in connected mode, it is possible for gNB to obtain a more accurate pathloss difference between NR dedicated F2 and the shared F1 by uplink measurement on both two carriers, and such pathloss difference can be UE-specific which helps the gNB perform a more robust uplink power control. For the gNB, a simple and effective solution can be that gNB derives the pathloss difference in accordance with the receive power difference between uplink reference signals on F1 and F2 when the two reference signals are with equal transmit power. The pathloss of the shared F1 can be also obtained via uplink measurement with a configured transmit power of the uplink reference signal. 
Similar to the power control in initial access, two solutions can be considered. One solution is that the gNB configures the UE with a UE-specific power offset between NR dedicated F2 and the shared F1. The other is that the gNB configures the UE with an updated power control parameter P0 for the shared F1, but the signaling overhead would be larger than signaling a power offset since P0 is always with a larger range than the power offset. 
The inaccuracy of the estimated pathloss can be compensated by the closed loop uplink power control for the NR PUSCH/SRS/PUCCH. In addition for the NR PRACH power control, one configurable power offset can be indicated to the UE which may be a function of the carrier frequency and antenna configuration. 
The evaluations results of NR UE executing the uplink power control based on the pathloss measured on the NR dedicated F2 and the indicated pathloss difference are presented in Table 1. The simulation assumption refers to the urban macro scenarios of TR38.802. The following cases are evaluated and compared.
· Case 1: NR UE receives the LTE downlink reference signal to measure the pathloss of the shared F1
· Case 2: NR UE executes the uplink power control based on the pathloss measured on the dedicated F2 and the indicated pathloss difference (F2 and F1 are with the same antenna configuration). 
· Case 3: NR UE executes the uplink power control based on only the pathloss measured on the NR dedicated F2 (F2 and F1 are with the same antenna configuration).
· Case 4: NR UE executes the uplink power control based on the pathloss measured on the dedicated F2 and the indicated pathloss difference. (F2 and F1 are with different antenna configurations)
· Case 5: NR UE executes the uplink power control based on only the pathloss measured on the NR dedicated F2. (F2 and F1 are with different antenna configurations)
Table 1 performance comparison for power control solution
	
	Cell average throughput (Mbps)
	Cell edge throughput (Mbps)

	Case 1
	36.24
	0.37

	Case 2
	36.13 (-0.3%)
	0.36 (-2.7%)

	Case 3
	34.30 (-5.35%)
	0.28 (-24.32%)

	Case 4
	35.98 (-0.72%)
	0.35 (-4.44%)

	Case 5
	33.45 (-7.70%)
	0.16 (-56.76%)



It can be observed in Table 1 that with the indicated pathloss difference, NR UE can achieve similar performance with the case of performing intra-band measurement. While without the indicated pathloss difference, there would be a significant performance loss especially for the cell edge throughput. Based on above discussion and evaluation, the following proposal is given.
Proposal 3: Support UE-specific signaling of the pathloss offset between NR dedicated carrier and SUL for UEs in connected mode
· The pathloss offset is measured according to the uplink signal.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the UL power control issue for LTE UL and NR UL within the bandwidth of an LTE component carrier was discussed and the proposals are given below:
Observation: Different frequencies and/or antenna configurations would lead to different pathloss values between the NR dedicated carrier and the shared LTE UL carrier frequency.
Proposal 1: The pathloss difference between NR dedicated uplink and SUL should be signaled to UE.
Proposal 2: To assist power control for PRACH transmission, following alternatives should be considered:
· Alt 1, RMSI broadcasts a pathloss offset between NR downlink and SUL.
· Alt 2, RMSI broadcasts a set of pathloss offsets, where each of pathloss offset is related to a range of measured pathloss on NR dedicate downlink RSRP.
Proposal 3: Support UE-specific signaling of the pathloss offset between NR dedicated carrier and SUL for UEs in connected mode
· The pathloss offset is measured according to the uplink signal.
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