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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 RAN1#89 [2], there were some conclusions on supplementary UL frequency (SUL) for access /transmission and sharing with LTE, 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)

Agreements:
· For NR standalone operation for a UE, 
· NR supports that the UE is allowed to transmit on UL carriers on different frequency ranges but the UE has the capability to only transmit on one of the carriers at a given time in the following case:

· case of SRS carrier switching with at least one of the frequency ranges agreed for LTE-NR UL sharing by RAN4 (e.g. refer to R4-1704411)


In RAN1#90 meeting, the following conclusions on random access mechanisms for SUL were made. 
	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.
Agreements:
· NR supports the total maximum number of transmissions, M (like LTE), per carrier to indicate Random Access problem
· M is NW configurable parameter


According to above agreements, for the case when UE initiate PRACH from NR unpaired UL carrier is still not discussed in detail. And some more modifications on RACH procedures need to be specified compared to that without SUL. In this contribution, we mainly focus on discussing the PRACH issue for SUL and the corresponding solutions are discussed. 
2 Discussion
With the introduction of SUL shared with LTE, NR UE camped on the unpaired DL carrier will have more than one available UL carriers, as shown in Figure 1. 
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Figure 1 NR DL carrier with both NR UL on unpaired carrier and UL shared carrier (SUL) available
2.1 UL carrier selection and switching for preamble transmission
In most cases, the carrier frequency of SUL is likely to be lower than the NR unpaired carrier, and there are more available UL subframes on SUL than that on NR unpaired carrier. Thus, the UL coverage of SUL should be larger than the NR unpaired carrier. For cell-centered UE, the NR unpaired carrier can satisfy the requirements for UL coverage and provide wider channel bandwidth, then leading to higher throughput. As for cell-edged UEs, it is better to use the SUL as the UL access carrier due to the coverage limitation of the NR unpaired carrier, which is shown in the following Figure 2.
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Figure 2 UL carrier selection based on NR DL measurement
As mentioned in [3], UE can perform UL carrier selection for random access based on DL RSRP measurement. In this case, when the DL RSRP for a UE is larger than a predefined threshold, the UE would select NR unpaired carrier. Otherwise, the UE would select SUL to perform preamble transmission.
Focusing on the case of non-ideal DL RSRP measurement, UEs may not always select the proper UL carrier to transmit preamble for random access, especially for UEs in the transition areas between NR unpaired carrier coverage and SUL coverage. When a UE selects the unpaired UL carrier frequency to transmit preamble but fails to access the network owing to the reason that its transmit power reaches maximum or the number of total trials exceeds the configured value, it is better for this UE to continue preamble transmission on the SUL carrier frequency rather than performing cell switching. In order to ensure a more robust random access for UEs configured with multiple UL carrier frequencies, UE-oriented carrier frequency switching can be an effective solution. Namely, UE needs to have the ability to switch preamble transmission from NR unpaired carrier to SUL.
Proposal 1: If a UE failed preamble transmission on NR unpaired carrier, then it can restart preamble transmission on the SUL carrier.

As for the detailed method for carrier frequency switching, the metrics of total number of preamble transmission and transmission power can be taken into account. According to the agreements in the last RAN1 meeting, the maximum number for preamble transmission, denoted by M, would be configured per carrier. In this case, gNB can configure two Ms where one is for NR unpaired carrier and the other is for SUL. When UE starts to transmit preamble on the NR unpaired carrier, it can switch preamble transmission from NR unpaired carrier to SUL once the maximum number for preamble transmission on NR unpaired carrier is reached.
Since NR would also support power ramping in preamble transmission, when the used preamble transmission power of a UE reaches the maximum transmit power but the total number of transmissions is smaller than the maximum number. It is also possible for the UE to perform carrier frequency switching to avoid useless transmission on the NR unpaired carrier.
Proposal 2: UE is allowed to switch the preamble transmission from NR unpaired UL carrier to SUL on the condition that
· The maximum number on the unpaired UL carrier for preamble transmission is reached.
· The maximum UE transmission power is reached on the unpaired UL carrier.
RAN1#90 meeting also agreed to support the network to be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition, and now for the connected-mode UE there are more than 1 UL carriers available. The network should indicate the UE which carrier is selected to transmit the preamble. There are several potential solutions to indicate the UL carrier:
Option 1: Each UL carrier is configured a separate set of RACH resource, the network indicates the non-contention based preamble transmission carrier in the DCI carrying the UL carrier index explicitly.  

Option 2: The 2 UL carriers share a common set of preamble resource, e.g. the non-contention based preambles, and these preambles are divided into 2 groups, each group correlates to one UL carrier and was broadcasted to UE. By indicating the preamble used for the RACH, UE is indicated explicitly which UL carrier is selected for the RACH procedure.
While since it has already agreed that RACH configuration for the SUL carrier is broadcasted separately in RMSI, it is straightforward to use option 1 for the connected-mode RACH UL carrier indication. However, it should be identical to the SCell RACH carrier indication, such as already specified in LTE, with the CIF domain for the carrier indication.   

Proposal 3: For connected-mode UEs, a UL carrier index is indicated in the DCI to trigger non-contention based RACH procedure. 
As discussed before, the UL carrier selection relies on the UE DL RSRP measurement and the broadcasted RSRP threshold, and UE DL RSRP measurement is not always accurate. However when the UE starts transmitting the preamble on the NR unpaired UL carrier and was successfully received in network side, the network can have some rough information about the UE’s uplink quality. If the received uplink quality is very poor, although the preamble is successfully received, the succeeding PUSCH transmission will still not good enough (e.g. the transmission of MSG3 will probably fail). 
In order to avoid the unnecessary RACH failure because of inaccurate UE DL RSRP measurement, or the improper setting of UL selection threshold. It is beneficial to support the UL carrier change for MSG3 from NR unpaired UL carrier to the SUL carrier, when UE initiate the RACH procedure from the NR unpaired UL carrier.
Proposal 4: When UE initiates the RACH procedure from the NR unpaired UL carrier, it is proposed to support UL carrier change for MSG3 to avoid the potential RACH failure. 
2.2 Random access response issue

In LTE system, a UE identifies its own RAR according to the RA-RNTI which is corresponding to the index of used time-frequency resource for preamble transmission. When it comes to the scenario that NR UEs are configured with multiple UL carrier frequencies, UEs would be configured with multiple PRACH resources on both unpaired UL and SUL carrier frequencies. In this case, one UE which transmits preamble on unpaired UL carrier frequency and another UE that transmits preamble on a SUL carrier frequency may have the same RA-RNTI when reusing similar method as that in legacy LTE. Thus, there would result in misunderstanding for UEs to receive RAR. 

In order to avoid the misunderstanding for RAR reception, the following two options can be considered. 
· Option 1: Explicitly indicate carrier frequency in RAR/RAR grant. In particular, a field for carrier frequency indication can be added in RAR grant. While the RA-RNTI is determined according to legacy method.

· Option 2: Implicitly indicate carrier frequency by RA-RNTI. In this way, RA-RNTI should be related to the carrier frequency used for UE transmitting preamble. Thus, a carrier frequency index needs to be introduced in the calculation of RA-RNTI. And this option is similar with what has been done in LTE NB-IoT, where carrier index is used for the RA-RNTI calculation. 
Note that for both options, it is necessary to number each available carrier with a carrier frequency-specific index and make UEs informed. And signaling the corresponding index of each available carrier frequency to UEs via SUL configuration seems to be a straightforward approach.

Proposal 5: Each available UL carrier frequency should be numbered with a carrier frequency-specific index, and such index can be signaled to UEs via SUL configuration.
3 Conclusion

In this contribution, detailed issues were identified for SUL and possible solutions were provided. The following proposals are given:
Proposal 1: If a UE failed preamble transmission on NR unpaired carrier, then it can restart preamble transmission on the SUL carrier.
Proposal 2: UE is allowed to switch the preamble transmission from NR unpaired UL carrier to SUL on the condition that

· The maximum number on the unpaired UL carrier for preamble transmission is reached.
· The maximum UE transmission power is reached on the unpaired UL carrier.
Proposal 3: For connected-mode UEs, a UL carrier index is indicated in the DCI to trigger non-contention based RACH procedure.
Proposal 4: When UE initiates the RACH procedure from the NR unpaired UL carrier, it is proposed to support UL carrier change for MSG3 to avoid the potential RACH failure.
Proposal 5: Each available UL carrier frequency should be numbered with a carrier frequency-specific index, and such index can be signaled to UEs via SUL configuration.
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