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1	Introduction
During RAN plenary #81, a new version of the release 15 NR specifications was approved. While the specs are in good shape, there are few open points and corrections. 
In this contribution, we discuss open points and corrections to the specification related to the random access design and procedure. Specifically, we consider the following points:
· Corrections to RACH message 3 frequency resource allocation.
· Synchronization accuracy for handover.
· QCL source of CORESET used for monitoring PDCCH channels during the random access procedure.
· Power suspension notification when power drops to zero in dual connectivity or carrier aggregation.
2	RACH Msg 3 Frequency Resource Allocation
Please refer to [2].

3	Synchronization Accuracy for Handover
In RAN1#94 the synchronization accuracy for handover between different frequency layers and different spectrum types (unpaired vs paired), was discussed in the offline sessions [5]. However, no online agreement was reached, with the understanding that it will be revisited in RAN1#94bis. The following table is captured in the offline notes [5]:
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It should be pointed out, that the synchronization accuracy for handover from a paired spectrum (FDD) cell to another paired spectrum (FDD) cell below 3 GHz is already agreed in a previous meeting and captured in 38.211 [3].
For unpaired spectrum, there are three cases to consider:
1. Unpaired spectrum that is less than 2.4 GHz, L = 4 (i.e. a maximum of 4 SSB indices are allowed). The two bits of the SSB index, and one bit for half-frame indication are singled in the PBCH DMRS.
2. Unpaired spectrum that is between 2.4 GHz and 6 GHz, L = 8 (i.e. a maximum of 8 SSB indices are allowed). The three bits of the SSB index are singled in the PBCH DMRS. The one bit for half-frame indication is singled in the BCH payload.
3. Unpaired spectrum that is in FR2, L = 64 (i.e. a maximum of 64 SSB indices are allowed). The three least significant bits of the SSB index are singled in the PBCH DMRS. The three most significant bits of the SSB index and the one bit for half-frame indication are signaled in the BCH payload.

When the UE performs handover from cell A to cell B. The UE in cell B needs to determine the start of the radio frame and the SFN for determining the PRACH occasion index and subsequently the association between the SS/PBCH blocks and the PRACH occasions. The SFN is required in the following cases:
· The PRACH configuration period is greater than one frame (10 ms)
· The PRACH configuration period is equal to one frame (10 ms), but the association period as described in TS 38.213 [4] is greater than 1 frame (10 ms).

In cell B, the UE needs to know the SSB index and the half-frame bit to determine the start of the radio frame. To minimize the handover latency and the UE’s processing requirements, the UE should determine the frame boundary, and if necessary the SFN, without having to decode the BCH payload, i.e. by just relying on the PBCH DMRS and any information provided by higher layers in the handover command. If information received from PBCH DMRS, of target cell (cell B in this example), is not sufficient to determine SSB index and the half-frame boundary, imposing synchronization accuracy requirements between source and target cells can help the UE determine the frame boundary.
Observation 1: The synchronization accuracy requirement between the source and target cells in handover depends on the frequency range of target cell.
[bookmark: _Hlk524613956]
In case 1 (i.e. target cell with unpaired spectrum below 2.4 GHz), the SSB index and half-frame bit are conveyed by the PBCH DMRS. The UE can determine the frame-boundary with no ambiguity after receiving the PBCH DMRS. The UE needs to know the SFN, if the PRACH configuration period is greater than one frame (10 ms), or if the PRACH configuration period is one frame (10 ms) and the association period is greater than 1 frame (10 ms). In this case, a synchronization accuracy of +/- 5 ms allows the UE to determine the SFN of frame in the target cell to equal the SFN of the frame in the source cell whose boundary is closest to the frame in the target cell. This case is shown in Figure 1.


[bookmark: _Ref524608264]Figure 1: Target cell frame boundary and SFN determination when L=4 in unpaired spectrum.
Proposal 1:
For unpaired spectrum, and L = 4,
· the UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than , if the any of the following conditions of the PRACH configurations are met:
· for PRACH configurations in which x is not equal to 1 in Tables 6.3.3.2-2 and 6.3.3.2-3
· for PRACH configurations in which x is equal to 1 in Tables 6.3.3.2-2 and 6.3.3.2-3 and the association period in Table 8.1-1 of [38.213] is not equal to 1

In case 2 (i.e. target cell with unpaired spectrum between 2.4 GHz and 6 GHz), only SSB index is conveyed by the PBCH DMRS. With the SS/PBCH block information (PSS/SSS + PBCH DMRS), the UE can determine the half-frame boundary (not the frame boundary). To determine the frame boundary, either;
· [bookmark: _GoBack]The half-frame bit should be made known to the UE, this requires decoding the BCH channel, or
· The synchronization accuracy between the source and target base stations should be +/- 2.5 ms. This is shown in Figure 2.



[bookmark: _Ref524691053]Figure 2: Target cell frame boundary and SFN determination when L=8 in unpaired spectrum.


Proposal 4:
For unpaired spectrum, L = 8
· The UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than .

In case 3 (i.e. target cell with unpaired spectrum in FR2), the three least significant bits of the SS/PBCH block index are conveyed by the PBCH DMRS. The UE is not able to determine SS/PBCH block index by just receiving the PBCH DMRS. In this case, the UE is not able to determine the start of the frame without a more stringent timing requirement between the target cell and the source cell. As shown in Figure 3, when the SS/PBCH block has a sub-carrier spacing of 240 KHz, a synchronization accuracy of +/- 0.125 ms is required between the source cell and the target cell to be able to determine the start of the frame in the target cell without having to decode the BCH channel. Similarly, when the SS/PBCH block has a sub-carrier spacing of 120 KHz, a synchronization accuracy of +/- 0.25 ms is required between the source cell and the target cell to be able to determine the start of the frame in the target cell without having to decode the BCH.


[bookmark: _Ref524696653]Figure 3:Target cell frame boundary and SFN determination when L=64 in unpaired spectrum, with 240 SCS for SS/PBCH block.

Observation 2:
For unpaired spectrum, L = 64,
· When the SS/PBCH block has a subcarrier spacing of 240 KHz, a synchronization accuracy between the source and the target cell of  is required for the UE to be able to determine the start of the frame in the target cell without having to decode the BCH channel.
· When the SS/PBCH block has a subcarrier spacing of 120 KHz, a synchronization accuracy between the source and the target cell of  is required for the UE to be able to determine the start of the frame in the target cell without having to decode the BCH channel.

When useServingCellTimingForSync is set to TRUE, and in case of intra-frequency handover, the UE can use the source cell timing to derive the SS/PBCH block index of the target cell, and accordingly the start of the frame in the target cell. When useServingCellTimingForSync is set to TRUE, and in case of inter-frequency handover, the UE can use the timing of any cell with the same frequency as the target cell to derive the SS/PBCH block index of the target cell, and accordingly the start of the frame in the target cell. Accordingly, for handover to a target cell in FR2, when useServingCellTimingForSync is set to TRUE, the UE can determine the start of frame and the SFN based on the timing of the source cell or a cell on the same frequency as the target cell. When useServingCellTimingForSync is not set to TRUE, the UE is expected to decode the BCH channel to determine the start of the frame and the SFN.
Proposal 3:
For handover to a target cell in FR2, when useServingCellTimingForSync is set to TRUE, the UE can determine the start of the frame and the SFN based on the timing of the source cell or a cell on the same frequency as the target cell. When useServingCellTimingForSync is not set to TRUE, the UE is expected to decode the BCH channel to determine the start of the frame and the SFN.
4	QCL Source for monitoring PDCCH in RA Procedure
In R1-1807732 [6], RAN2 asked RAN1 about:
· Providing feedback on tci-StatesPDCCH and CORESET #0. Whether tci-StatesPDCCH is ignored during the RA procedure (for BFR it seems already clear) or the tci-StatePDCCH should have been in the SearchSpace (e.g. if it is meant to be used for USS only and not for CSS).
· Whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs.

In RAN1#93 [1], the first question was address, leaving open the second question for future meetings:
Agreements:
To reply RAN2 LS:
1. Whether tci-StatesPDCCH is ignored during the RA procedure (for BFR it seems already clear) or the tci-StatePDCCH should have been in the SearchSpace (e.g. if it is meant to be used for USS only and not for CSS)?
0. While monitoring Type 1 PDCCH common search space during the RA procedure, UE can ignore the tci-StatesPDCCH of the associated CORESET, if any tci-StatesPDCCH is configured with the associated CORESET.
0. Note: In case of PDCCH ordered CFRA, UE follows the same procedure that got agreed in RAN1 92 RACH procedure session.
1. Whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 (associated with SSBs)?
1. RAN1 is still discussing this.


As indicated above, RAN1 has agreed that while monitoring Type 1 PDCCH common search during the random access procedure, the UE ignores the TCI-states (if any are configured) of the associated CORESET – including CORESET#0, and use the reference signal used for preamble association and transmission as the QCL source of the CORESET. Based on this, it would seem reasonable for a CSI-RS based random access procedure to use the CSI-RS as the QCI source for CORESET#0. It should be noted that other search spaces using CORESET#0 can have a different QCL source which might be a SSB.
Proposal 4: It is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0, the QCL source of CORESET#0 is determined by the CSI-RS used for PRACH preamble transmission.
5	Power suspension notification for Dual Connectivity
[bookmark: _Hlk524704563]In LTE, for dual connectivity, if the UE drops the PRACH transmission in the SGC, the physical layer sends a power ramping suspension indicator to higher layers. In LTE, this stops the preamble transmission counter (PREAMBLE_TRANSMISSION_COUNTER) from incrementing. In LTE, there is no PREAMBLE_POWER_ RAMPING _COUNTER, instead the PREAMBLE_TRANSMISSION_COUNTER is used for power ramping. This is from 36.213, section 5.1.4 [7]:

If a PRACH transmission of the UE on the Pcell starting in subframe [image: ]of MCG overlaps in time domain with another PRACH transmission of the UE starting in subframe [image: ] of SCG, and if subframe [image: ] and subframe [image: ] overlap in time with more than one symbol, and if the total power of both the PRACH transmissions would exceed [image: ], the UE shall transmit the PRACH on the Pcell using the preamble transmission power [image: ]described in Subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe [image: ] of SCG such that the total power does not exceed [image: ], where [image: ]is the linear value configured transmitted power for Dual Connectivity for the subframe pair [image: ]as described in [6]. If the UE drops the PRACH transmission, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.


This description is missing from NR. We propose to add similar description in NR.

Furthermore, in NR, the prioritization of transmissions for power allocation is in the following order (section 7.5 of TS 38.213 [4]):

- 	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
It should be noted that PRACH transmissions on a serving cell other than the PCell, have lower priority for power allocation than other transmissions. Hence, it is possible that these transmissions will have their power reduced or set to zero. In this case, power suspension notification should be sent to higher layers.

In NR, there are two counters for controlling the maximum number of transmissions and the power ramping:
· PREAMBLE_TRANSMISSION_COUNTER, this counter is incremented every time there is a preamble transmission. It controllers the maximum number of allowed preamble transmissions.
· PREAMBLE_POWER_ RAMPING_COUNTER, this counter is incremented every time there is a preamble transmission with the same spatial Rx filter and using the SSB [reference signal] for preamble association. It determines the preamble’s transmit power.

In NR, we propose that the power suspension notification is sent to higher layers if the physical drops the PRACH transmission on the SGC. The power suspension notification may be sent to higher layers if the physical layer adjusts the power of the PRACH transmission. When higher layers receive a power suspension notification due to the dropping of the PRACH or the adjustment of the PRACH transmission power:
· PREAMBLE_TRANSMISSION_COUNTER is incremented.
· PREAMBLE_POWER_ RAMPING_COUNTER is not incremented.

Accordingly, we proposal the following text proposal for section 7.4 of TS 38.213 [4].

Proposal 5:
****************************************** Start Text Proposal 38.213 *************************************************
[bookmark: _Toc517265039][bookmark: _Ref491459187]7.4	Physical random access channel
…
If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 notifies higher layers to suspend the power ramping counter as described in [11, TS 38.321]. In case of PRACH transmission on SCG, if the UE drops the PRACH transmission on SCG, Layer 1 notifies higher layers to suspend the power ramping counter. If the UE adjusts the power of PRACH transmission on SCG, Layer 1 may notify higher layers to suspend the power ramping counter. In case PRACH transmission on SCell, if the UE drops the PRACH transmission on SCell, Layer 1 notifies higher layers to suspend the power ramping counter. If the UE adjusts the power of PRACH transmission on Scell, Layer 1 may notify higher layers to suspend the power ramping counter.

****************************************** End Text Proposal 38.213 *************************************************

Proposal 6:
Send LS to RAN2 to information about power suspension notification when physical layer drops preamble or adjusts preamble transmission power.
6	Conclusion
The following observations and proposals have been made regarding the random access design and procedures:

Observation 1: The synchronization accuracy requirement between the source and target cells in handover depends on the frequency range of target cell.

Proposal 1:
For unpaired spectrum, and L = 4,
· the UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than , if the any of the following conditions of the PRACH configurations are met:
· for PRACH configurations in which x is not equal to 1 in Tables 6.3.3.2-2 and 6.3.3.2-3
· for PRACH configurations in which x is equal to 1 in Tables 6.3.3.2-2 and 6.3.3.2-3 and the association period in Table 8.1-1 of [38.213] is not equal to 1

Proposal 2:
For unpaired spectrum, L = 8, and SS/PBCH block burst periodicity of 5ms
The UE may for handover purpose assume an absolute value of the relative time difference between radio frame i in the current cell and the target cell is less than .

Observation 2:
For unpaired spectrum, L = 64,
· When the SS/PBCH block has a subcarrier spacing of 240 KHz, a synchronization accuracy between the source and the target cell of  is required for the UE to be able to determine the start of the frame in the target cell without having to decode the BCH channel.
· When the SS/PBCH block has a subcarrier spacing of 120 KHz, a synchronization accuracy between the source and the target cell of  is required for the UE to be able to determine the start of the frame in the target cell without having to decode the BCH channel.
Proposal 3:
For handover to a target cell in FR2, when useServingCellTimingForSync is set to TRUE, the UE can determine the start of the frame and the SFN based on the timing of the source cell or a cell on the same frequency as the target cell. When useServingCellTimingForSync is not set to TRUE, the UE is expected to decode the BCH channel to determine the start of the frame and the SFN.

Proposal 4: It is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0, the QCL source of CORESET#0 is determined by the CSI-RS used for PRACH preamble transmission.
Proposal 5:
****************************************** Start Text Proposal 38.213 *************************************************
7.4	Physical random access channel
…
If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 notifies higher layers to suspend the power ramping counter as described in [11, TS 38.321]. In case of PRACH transmission on SCG, if the UE drops the PRACH transmission on SCG, Layer 1 notifies higher layers to suspend the power ramping counter. If the UE adjusts the power of PRACH transmission on SCG, Layer 1 may notify higher layers to suspend the power ramping counter. In case PRACH transmission on SCell, if the UE drops the PRACH transmission on SCell, Layer 1 notifies higher layers to suspend the power ramping counter. If the UE adjusts the power of PRACH transmission on Scell, Layer 1 may notify higher layers to suspend the power ramping counter.

****************************************** End Text Proposal 38.213 *************************************************

Proposal 6:
Send LS to RAN2 to information about power suspension notification when physical layer drops preamble or adjusts preamble transmission power.
[bookmark: _Ref519843485][bookmark: _Ref509936252]References:
[1] [bookmark: _Ref524699976]Chairman’s Notes, RAN1#93, Busan, Korea, May 2018.
[2] [bookmark: _Ref525648186]R1-1811024, “Remaining issues on resource allocation”, Nokia, NSB, Chengdu, China, October, 2018.
[3] [bookmark: _Ref525648564]TS 38.211, “Physical channels and modulations”, V15.3.0, September 2018.
[4] [bookmark: _Ref519689999][bookmark: _Ref520122972]TS 38.213, “Physical layer procedures for control”, V15.3.0, September 2018.
[5] [bookmark: _Ref524439955]R1-1809875, “Maintenance for Physical random access channel”, Convida Wireless, Gothenburg, Sweden, August 2018.
[6] [bookmark: _Ref524699640]R1-1807732, “Reply LS on PDCCH common search space configurations”, (RAN2 LS R2-1808992), Busan Korea, May 2018.
[7] [bookmark: _Ref524704929]TS 36.213, “Physical layer procedures”, V15.2.0, June, 2018.
image1.emf
SFN=0 SFN=1 Source Cell SFN

SFN=0 SFN=0

SSB on target cell

SSB index 1 receiveed

SSB/half-frame 

bit determines 

start of frame

Target Cell SFN

SFN determined based on 

closest frame boundary in 

source cell

+/-5ms


oleObject1.bin
SFN=0


SFN=1


Source Cell SFN


SFN=0


SFN=0


SSB on target cell
SSB index 1 receiveed


SSB/half-frame bit determines start of frame


Target Cell SFN


SFN determined based on closest frame boundary in source cell


+/- 5ms



image2.png
153600 - T;




image3.emf
SFN=0

Source Cell SFN

SFN=0

SSB on target cell

SSB index 1 receiveed

SSB determines 

start of frame 

within +/-2.5ms

Target Cell SFN

SFN determined based on 

closest frame boundary in 

source cell

+/-5ms Half Frame boundary


oleObject2.bin
SFN=0


Source Cell SFN


SFN=0


Half Frame boundary


SSB on target cell
SSB index 1 receiveed


SSB determines start of frame within +/- 2.5ms


Target Cell SFN


SFN determined based on closest frame boundary in source cell


+/- 5ms



image4.emf
0.25 ms

Start of frame if SSB 

index is 0b000xxx

Half-frame = 0

Start of frame if SSB 

index is 0b001xxx

Half-frame = 0

SFN = 0

+/-0.125 ms

Start of target cell 

frame in this region

SFN = 0

Source Cell SFN

Target Cell SFN


oleObject3.bin
0.25 ms


Start of frame if SSB index is 0b000xxx
Half-frame = 0


Start of frame if SSB index is 0b001xxx
Half-frame = 0


SFN = 0


+/- 0.125 ms


Start of target cell frame in this region


SFN = 0


Source Cell SFN


Target Cell SFN



image5.wmf
1

i


image6.wmf
2

i


image7.wmf
)

2

,

1

(

ˆ

CMAX

i

i

P


image8.wmf
PRACH

P


image9.wmf
(

)

2

,

1

i

i


image10.png




