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1 Introduction
In last RAN2 meeting [1], RAN2 send a LS [2] to inform RAN1 that a UE could perform random access procedure and scheduling request procedure in parallel for single cell, CA, and DC. The UE may need to perform PRACH transmission and SR transmission in the same slot. Moreover, the LS address that RAN2 doesn’t expect any changes in RAN2 specification and would like to inform RAN1 of this possible situation.
Also, RAN1 has specified the power control rule for simultaneous UL channel transmission in NR CA case. Based on RAN1 agreement, in NR CA case if transmission power does not exceeds Pcmax, UE transmit UL channels simultaneously; otherwise, scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax, in which the priority order is regardless of RACH intention, e.g., PRACH always takes priority over PUCCH/PUSCH. 

	RAN1#91 Agreement
· In Case 1, (CCs/uplinks configured for UE have same numerology and overlapping transmissions between different CCs/uplinks with same starting time and same PUSCH/PUCCH transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving cells,
· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of SCell
· Within a same priority level, PCell is prioritized over SCell.
· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax. Exact scaling or dropping is left to UE implementation.
· Note: different priority of SRS used for carrier switching can be discussed further. 



	RAN1#92 Agreement:
Following working assumption is confirmed with the understanding that the CCs are in the same cell group:
· In Case 2, (CCs/uplinks configured for UE have same or different numerologies and partially overlapping transmissions between different CCs/uplinks and same/different transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving CCs/uplinks,
· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of Scell
· Within a same priority level, PCell is prioritized over Scell
· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax.
· Note: different priority of SRS used for carrier switching can be discussed further
· Scaling or dropping of the whole or part(s) of a transmission is left to UE implementation.
· Note: If the aggregated transmission power does not exceed Pc_max within any part of a transmission that overlaps with other transmission(s), the transmission is considered as non-power limited case.
· Note: power control with look-ahead is not required at UE.
FFS: Priority on the UL and SUL 



However, from RAN2 perspective in NR PRACH may not always have higher priority over PUCCH. For example, if PRACH transmission is triggered by pending SR from low-priority LCH, while PUCCH transmission is triggered by pending SR from high-priority LCH, then we think PUCCH should have higher priority over PRACH to ensure low latency. 

Without the information of RACH intention from MAC, physical layer cannot determine the priority of PRACH and PUCCH/PUSCH for UE to drop or perform power scaling. In this paper, we address the concern of transmission priority, and suggest that MAC select one UL channel to transmit when collision between PRACH and PUCCH/PUSCH occurs. 

2 Discussion

In NR, three new RACH trigger conditions are added in Rel-15, i.e.
1. RACH procedure is triggered by pending SR(s) due to data arrival of low-priority data arrival of LCH assigned to a LCG not associated with a SR configuration.
2. RACH procedure is triggered for beam failure recovery
3. RACH procedure is triggered for on-demand SI request
· In the last RAN2 meeting, it is agreed that on-demand SI for connected UE is not supported in Rel-15.
For connected UE, if RACH procedure is triggered by pending SR or beam recovery, RACH procedure and SR procedure will run in parallel, i.e. initiation of SR/RACH procedure does not stop the ongoing RACH/SR procedure, and the ongoing SR/RACH procedure does not prevent from the initiation of RACH/SR procedure. As a result, in NR we have the use case of collided PRACH and PUCCH/PUSCH even in a single MAC entity, e.g. in a single cell or in CA case. Notice that in LTE, collided PRACH and PUCCH/PUSCH only happens in DC case, i.e., transmitted by different MAC entities.
For example, an early pending SR of low-priority LCH triggers RACH procedure, and a later pending SR of high-priority LCH triggers SR procedure, then it is possible that PRACH collide with the PUCCH transmission for SR, or collide with the PUSCH scheduled by the network as a response of SR transmission. 

Observation 1: Unlike in LTE, in NR a MAC entity may have parallel SR procedure and RACH procedure because the two procedures does not prevent each other from running or triggered if the RACH procedure is initiated by pending SR or beam recovery.

Besides, even if there is no ongoing SR procedure, it is still possible that RACH procedure triggered by pending SR has PRACH collided with PUSCH. For example, 
· Example 1. When low priority data arrives and due to LCP rule BSR cannot be transmitted over configured grant type 1, pending SR is triggered. If no SR configuration is associated with the LCH of the low priority data, RACH procedure is triggered. PRACH transmission for RACH procedure may collide the resource of configured grant type 1.
· Example 2. When low priority data arrives just after the MAC PDU assembly for high-priority LCH, UE thinks there is no available UL-SCH for new transmission and thus triggers RACH procedure. Later on, PRACH transmission may collide with the following UL grants for high-priority LCH.

Observation 2: RACH procedure triggered by pending SR of a LCH may cause PRACH transmission collided with PUCCH (for SR transmission of an ongoing SR procedure) or PUSCH (for data transmission) for the other LCHs. 


According to current RAN1 agreement, in NR CA there is a strict priority order specified for power control in case total transmission power exceeds Pcmax. However, from RAN2 point of view, the priority of UL channel may depend on RACH intention. For example, 
· if RACH procedure is triggered by pending SR: 
We should prioritize PUCCH because PUCCH transmission may probably be triggered by a LCH with a higher priority. 
· If RACH procedure is triggered by beam failure recovery procedure: 
Then we should prioritize PRACH because PUCCH/PUSCH transmission is probably unworkable in case beam failure is detected.

Observation 3: Based on RAN1 agreement, PRACH has an absolute priority over PUCCH/PUSCH in CA. But from RAN2 point of view, PRACH has lower priority than PUCCH/PUSCH if PRACH transmission is for low-priority data arrival.

To avoid wrong prioritization in physical layer, MAC should provide information for PHY to determine the prioritization. Two alternatives could be considered as below:

Alternative 1. PHY keeps the default priority rule, e.g. PRACH> PUSCH/PUCCH, and MAC provides indication to PHY if PRACH has lower priority than PUSCH/PUCCH.

Alternative 2. MAC determines which one to signal if in the same MAC entity PRACH and PUSCH/PUCCH have overlapped transmission time.

We prefer alternative 2 because it is a pure MAC solution, which avoid additional interaction between MAC and PHY and corresponding PHY spec change to support dynamic priority. In addition, before RAN2 send the LS [2], RAN1 is not aware of the use case of simultaneous PRACH and PUCCH/PUSCH transmission in the same serving cell. If RAN1 later on decides not to support simultaneous PRACH and PUCCH/PUSCH in the same serving cell, e.g. due to concern of cost or complexity, then only one UL channel will be transmitted. If this is the case, alternative 2 is much more straightforward and simpler than alternative 1. 

Proposal 1: Send a LS to RAN1 to address the use case that PUCCH/PUSCH takes priority over PRACH, and respectfully ask RAN1 whether RAN1 expects MAC to select one UL channel (either PRACH or PUCCH/PUSCH) for physical layer to transmit when simultaneous transmissions in the same slot occur.

If RAN1 expects MAC to select a UL channel for physical layer to transmit, we have the following proposal to implement alternative 2:

Proposal 2: The UE select to skip either PRACH or PUCCH/PUSCH transmission if during RACH procedure the selected PRACH occasion is within the same slot as the PUCCH resource for SR or the scheduled PUSCH duration. 
Proposal 3: RAN2 consider how UE select one UL channel to transmit when PRACH resource is within the same slot as PUCCH/PUSCH resource.

3 Conclusion 
Based on the observation:
Observation 1: Unlike in LTE, in NR a MAC entity may have parallel SR procedure and RACH procedure because the two procedures does not prevent each other from running or triggered if the RACH procedure is initiated by pending SR or beam recovery.
Observation 2: RACH procedure triggered by pending SR of a LCH may cause PRACH transmission collided with PUCCH (for SR transmission of an ongoing SR procedure) or PUSCH (for data transmission) for the other LCHs. 
Observation 3: Based on RAN1 agreement, PRACH has an absolute priority over PUCCH/PUSCH in CA. But from RAN2 point of view, PRACH has lower priority than PUCCH/PUSCH if PRACH transmission is for low-priority data arrival.

We propose:

Proposal 1: Send a LS to RAN1 to address the use case that PUCCH/PUSCH takes priority over PRACH, and respectfully ask RAN1 whether RAN1 expects MAC to select one UL channel (either PRACH or PUCCH/PUSCH) for physical layer to transmit when simultaneous transmissions in the same slot occur.

Proposal 2: The UE select to skip either PRACH or PUCCH/PUSCH transmission if during RACH procedure the selected PRACH occasion is within the same slot as the PUCCH resource for SR or the scheduled PUSCH duration. 
Proposal 3: RAN2 consider how UE select one UL channel to transmit when PRACH resource is within the same slot as PUCCH/PUSCH resource.


4 Annex: Text Proposal
	Begin of Change
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5.1.3	Random Access Preamble transmission

The MAC entity shall, for each Random Access Preamble:
1>	if the selected PRACH occasion is not in the same slot as a PUCCH resource used for SR transmission and is not in the same slot as a scheduled PUSCH duration; or
1> if the MAC entity determines to transmit Random Access Preamble in the selected PRACH occasion which is in the same slot as a PUCCH resource used for SR transmission or a scheduled PUSCH duration: 
12>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
12>	if the notification of suspending power ramping counter has not been received from lower layers; and
12>	if SSB selected is not changed (i.e. same as the previous Random Access Preamble transmission):

23>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
12>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep;
12>	except for contention-free Random Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
12>	instruct the physical layer to transmit the Random Access Preamble using the selected PRACH, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
NOTE x:   The UE selects one to transmit and skip the other if the MAC entity determines that the selected PRACH occasion is in the same slot as a PUCCH resource for SR or is in the same slot as a scheduled PUSCH duration. 
[FFS how UE determine which transmission is skipped.]

The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < 80), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).


	Next Change
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The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.
The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP.
Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC. The SR configuration of the LCH that triggered the BSR (subclause 5.4.5) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR. For BSR triggered by retxBSR-Timer expiry, the corresponding SR configuration for the triggered SR is that of the highest priority LCH (if such a configuration exists) that has data available for transmission at the time the BSR is triggered.
RRC configures the following parameters for the scheduling request procedure:
-	sr-ProhibitTimer (per SR configuration);
-	sr-TransMax (per SR configuration);
-	sr-ConfigIndex.
The following UE variables are used for the scheduling request procedure:
-	SR_COUNTER (per SR configuration).
If an SR is triggered and there are no other SRs pending corresponding to the same SR configuration, the MAC entity shall set the SR_COUNTER of the corresponding SR configuration to 0.
When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) triggered prior to the MAC PDU assembly shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly. All pending SR(s) shall be cancelled when the UL grant(s) can accommodate all pending data available for transmission.
Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid.
As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.
1>	else, for the SR configuration corresponding to the pending SR:
2>	when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>	if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and 
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:; and 
2> if the PUCCH resource for the SR transmission is not in the same slot as a PRACH occasion used for Random Access Preamble transmission, or if the MAC entity determines to transmit SR in the SR transmission occasion which is in the same slot as a PRACH occasion for Random Access Preamble transmission:
3>	if SR_COUNTER < sr-TransMax:
4>	increment SR_COUNTER by 1;
4>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
4>	start the sr-ProhibitTimer.
3>	else:
4>	notify RRC to release PUCCH for all Serving Cells;
4>	notify RRC to release SRS for all Serving Cells;
4>	clear any configured downlink assignments and uplink grants;
4>	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.
NOTE:	The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR which has no valid PUCCH resources configured, which was initiated by MAC entity prior to the MAC PDU assembly. Such a Random Access procedure may be stopeed when the MAC PDU is transmitted using an UL grant addressed to the C-RNTI when this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly, or when the UL grant(s) can accommodate all pending data available for transmission.

	End of Change
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