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1. Introduction
SUL (Supplementary Uplink) operation in RRC_CONNECTED mode was discussed in RAN2#100 meeting and agreements are achieved as follows [1].
Agreements for connected mode operation:
1	Random access resources (including PRACH and common PUSCH configuration just for the RA procedure) can be configured on both the UL and the SUL carrier.
FFS: Whether common PUCCH configuration is also needed for the connected mode case. 
2	For contention based RA, if the network does not explicitly tell the UE which carrier to use, the UE shall perform UL selection based on the RSRP threshold as initial access.
3	For contention free RA, the network explicitly indicates to the UE which UL carrier to used (e.g. in PDCCH order or via dedicated RRC RACH configuration) (For PDCCH order case RAN1 needs to make final decision if the carrier can be indicated in the DCI)
4	SUL specific configuration should also be carried in the inter node messages for EN-DC and handover cases.
5	RRC configuration can include PUSCH, SRS and power control info per UL carrier, and dedicated PUCCH for a single UL carrier.
FFS: What combination of configuration per carrier are allowed.
6	Per UL PHR reporting is not supported in this release.

From bullet 2 and bullet 3, two approaches are introduced, i.e., UE selection and indication by gNB, for the RRC_CONNECTED UE to perform the random access procedure on a specific UL carrier. 
In this contribution, we aim to clarify on which UL carrier of the SpCell the RRC_CONNECTED UE transmits Random Access Preamble when the time alignment timer expires and uplink data arrives. We propose TPs to TS 38.321 and TS38.300 for clarification.
2. Discussion
2.1 Uplink carrier selection for initial access
According to the agreements in RAN1 #90 [2], gNB will broadcast the RACH configuration for the SUL carrier in RMSI. In addition, based on the given threshold in RMSI, the UE itself selects which UL carrier (i.e., SUL carrier or non-SUL carrier) to perform the random access for the initial access. If the measured RSRP of the DL carrier is lower than the threshold, the UE selects SUL carrier to perform the random access procedure. 
The UE selection approach based on RSRP threshold follows the rationale of “non-SUL UL first”. The RSRP threshold “implicitly” reflects the signal quality of non-SUL UL carrier, but is irrelevant to the signal quality of SUL carrier. The RSRP threshold cannot guarantee the gNB to experience the higher signal quality of non-SUL UL carrier than that of SUL carrier. In addition, the design of the RSRP threshold value is important. If the value is zero/negative infinity, the UE always selects the non-SUL UL carrier. If the value is infinity, the UE always selects the SUL carrier.
2.2 Uplink carrier switch in RRC_CONNECTED case
It was agreed that if the SUL carrier is selected to perform the random access procedure for the initial access, the following uplink transmission takes place on that carrier. Thus, we can assume the uplink carrier used in RRC_CONNECTED is the same as the uplink carrier used for successful initial access. However, the uplink carrier switch when the UE is in RRC_CONNECTED mode can happen in some cases. For example, the signal quality changes due to UE’s mobility. We observe that the gNB can control the uplink carrier switch for the RRC_CONNECTED UE in most cases. To deal with the uplink carrier switch for the RRC_CONNECTED UE, UL DCI (Downlink Control Information) design with one-bit non-UL/SUL indicator was introduced to differentiate the scheduled resources between UL and SUL in RAN1#91 [3]. That is, the gNB can request the RRC_CONNECTED UE to switch the uplink carrier (e.g., from non-SUL to SUL, or from SUL to non-SUL) via DCI. For example, due to load balance on uplink carriers, the gNB may request a RRC_CONNECTED UE to switch the associating UL carrier. For example, the gNB may request a RRC_CONNECTED UE to switch to SUL carrier due to the poor received power of the non-SUL carrier at the gNB side. The gNB can acquire the received power of the used uplink carrier from SRS (Sounding Reference Signal) and uplink data transmission. The gNB can also acquire the received power of the DL carrier via UE feedback (e.g., CSI feedback or measurement report). Since the gNB can know the RRC_CONNECTED UE’s uplink signal quality and downlink signal quality, the RSRP threshold is not required for the RRC_CONNECTED UE. The gNB itself can handle the RRC_CONNECTED UE’s uplink carrier switch via the DCI based on the UE’s UL/DL signal quality, in most cases discussed above.
Observation 1: RAN1 supports one-bit UL/SUL indicator in DCI for the gNB to switch the RRC_CONECTED UE’s uplink carrier.
Observation 2: For a RRC_CONNECTED UE, the gNB can acquire the received power of the uplink carrier based on configured SRS transmission and/or uplink data transmission, and the UE’s received power of the downlink carrier based on UE feedback. 
However, gNB-indication approach may not be feasible for RRC_CONNECTED UE when the gNB cannot acquire the received power of uplink and downlink carriers. That is, the UE’s SRS is released, no uplink transmission and no measurement report. For instance, if the time alignment timer (TAT) expires and the RRC_CONNECTED UE requires the uplink transmission, the UE has to select an uplink carrier on the SpCell for random access procedure.
Observation 3: DCI-based UL switching (gNB-indication approach) is not applicable when the RRC_CONNECTED UE’s time alignment timer expires but the UE needs uplink transmission.
For a RRC_CONNECTED UE with UL data arrival but TAT expiration, acquiring the time advance “fast” is important. The approach of UE selection based on RSRP threshold cannot guarantee the higher received RSRP from non-SUL UL carrier than that from SUL carrier. It is possible that the poor received signal quality of non-SUL UL carrier leads to random access failure, even though the RSRP of DL carrier is above the threshold. This situation delays the time advance adjustment. Moreover, if load balance is a concern, once the RRC_CONNECTED UE acquires the time advance as soon as possible, the gNB can switch the UE’s UL carrier via DCI. Thus, we rethink whether the UE is required to compare the RSRP threshold and then select the UL carrier to perform the random access procedure for “quick” time advance adjustment.
The operating frequency band of SUL carrier is naturally lower than that of non-SUL carrier. Due to the radio property, the coverage of SUL carrier is more extensive than that of non-SUL carrier. It is expected that given the same UE’s transmit power, the gNB always receives better uplink signal quality if the UE transmits the Random Access Preamble on the SUL carrier. Thus, if the SUL carrier and its PRACH configuration is configured on the serving cell, it is simple and straightforward to always perform the random access procedure on the SUL carrier regardless of RSRP threshold. We propose that the RRC_CONNECTED UE performs Random Access Preamble transmission on the SUL carrier of SpCell by default (if SUL carrier is configured) when the time alignment timer expires and the uplink transmission is needed. 
Proposal 1: When the timeAlignmentTimer associated with the pTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SUL carrier of the SpCell, if SUL is configured.

3. Conclusion
In this contribution, we discuss the approaches to select the uplink carrier when the UE is in RRC_CONNECTED mode. The observations and proposals are as follows.
Observation 1: RAN1 supports one-bit UL/SUL indicator in DCI for the gNB to switch the RRC_CONECTED UE’s uplink carrier.
Observation 2: For a RRC_CONNECTED UE, the gNB can acquire the received power of the uplink carrier based on configured SRS transmission and/or uplink data transmission, and the UE’s received power of the downlink carrier based on UE feedback. 
Observation 3: DCI-based UL switching (gNB-indication approach) is not applicable when the RRC_CONNECTED UE’s time alignment timer expires but the UE needs uplink transmission.
Proposal 1: When the timeAlignmentTimer associated with the pTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SUL carrier of the SpCell, if SUL is configured.
4. Text proposal for TS 38.321
------------------------------- TEXT PROPOSAL (BEGIN) ------------------------------------------
[bookmark: _Toc502437797]5.2	Maintenance of Uplink Time Alignment
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned.
The MAC entity shall:
1>	when a Timing Advance Command MAC CE is received, and if a NTA (as defined in TS 38.211 [8]) has been maintained with the indicated TAG:
2>	apply the Timing Advance Command for the indicated TAG;
2>	start or restart the timeAlignmentTimer associated with the indicated TAG.
1>	when a Timing Advance Command is received in a Random Access Response message for a serving cell belonging to a TAG:
2>	if the Random Access Preamble was not selected by the MAC entity:
3>	apply the Timing Advance Command for this TAG;
3>	start or restart the timeAlignmentTimer associated with this TAG.
2>	else if the timeAlignmentTimer associated with this TAG is not running:
3>	apply the Timing Advance Command for this TAG;
3>	start the timeAlignmentTimer associated with this TAG;
3>	when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer associated with this TAG.
2>	else:
3>	ignore the received Timing Advance Command.
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all serving cells;
3>	notify RRC to release PUCCH for all serving cells, if configured;
3>	notify RRC to release SRS for all serving cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.
When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference or the maximum uplink transmission timing difference the UE can handle between TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.
[bookmark: _GoBack]The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble transmission when the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running. Furthermore, when the timeAlignmentTimer associated with the pTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SUL carrier of the SpCell, if SUL is configured.
--------------------------------- TEXT PROPOSAL (END) -------------------------------------------
5. Text proposal for TS 38.300
------------------------------- TEXT PROPOSAL (BEGIN) ------------------------------------------
[bookmark: _Toc502484381]9.2.6	Random Access Procedure
The random access procedure is triggered by a number of events, for instance:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	Handover;
-	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
-	Transition from RRC_INACTIVE;
-	Request for Other SI (see subclause 7.3).
Furthermore, the random access procedure takes two distinct forms: contention based and non-contention based as shown on Figure 9.2.6-1 below. Normal DL/UL transmission can take place after the random access procedure.
For initial access in a cell configured with SUL, the UE selects the SUL carrier if and only if the measured quality of the DL is lower than a broadcast threshold. Once started, all uplink transmissions of the random access procedure remain on the selected carrier.
For UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised", the UE selects the SUL carrier for all uplink transmission of the random access procedure, if SUL is configured.


			
(a)	Contention Based											(b)	Contention Free
Figure 9.2.6-1: Random Access Procedures
--------------------------------- TEXT PROPOSAL (END) -------------------------------------------
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RAN2 #100 Chairman note
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