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1 Introduction

In RAN2 #107meeting, it was FFS whether the contentionDetection is indicated per RACH procedure or per SSB:

-
RACH failure information: SSB index, number of sent preambles on each tried SSB and a flag on detected contention. Whether the flag is per cell, RACH attempt, or SSB is FFS.

In this contribution, we will discuss this issue.
2 Discussion
In LTE, when RRC connection establishment fails, UE reports the following info per RACH procedure:
-
plmn-Identity, failedCellId, measResultFailedCell, measResultNeighCells, locationInfo, 

-
numberOfPreamblesSent, contentionDetected, maxTxPowerReached, 

-
timeSinceFailure
Due to the introduction of beam, it is agreed already that, for NR, UE reports the number of preambles sent per beam (i.e per SSB). However, it is not clear whether contentionDecteded info is sent per SSB or not. 
As we know, for each transmitted preamble during one contention based RACH procedure, contention resolution is performed in Msg4. If the UE Contention Resolution Identity in the MAC CE of Msg4 does not match the CCCH SDU transmitted in Msg3, UE considers contention detected. As different preamble transmission attempts during one RACH procedure may be performed on different beams, contention detection on different beam might be different. Therefore, we have the following observation:

Observation 1: Contention detection is performed per preamble transmission. Since preamble may be transmitted on different beam, whether contention will be detected on a beam depends on the congestion situation of the beam.
As different beams of a cell cover different areas, the number of UEs in different areas may be different. As a result, the congestion situation on different beams might be different.
Observation 2: As different beams of a cell cover different areas, the number of UEs in different areas may be different. As a result, the congestion situation on different beams might be different.

Observation 3: During one RACH procedure, UE may detect contention on one beam but not on another beam.

It would be useful if UE can indicate the contention situation on different beam separately to network. For example, as illustrated in the following figure, there might be a famous hospital in the coverage of a beam. This beam will always be congested while the other beams do not. With the beam information together with contention detection information, network would be able to accurately identify the location of the congested area, and thereby allocating more PRACH resources on that beam or deploying more cells on that area. 
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Fig 1 Illustration of one beam is congested due to a famous hospital

This is especially useful when GPS information is not available in UE. With the beam information, network would be able to identify potential hotspot more precisely. The following shows an example that beams from two gNB covering the same area face the same congestion situation. Network can base on the beam congestion information from different gNB to more precisely locate the hotspot area.
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Fig 2 Illustration of locating hotspot area with the congestion information of beams from different gNB

Observation 4: Congestion information per beam is useful for network to identify the hotspot area more precisely, and be able to allocating more PRACH resource on the congested beam or deploying more cells/frequencies.

Proposal: contentionDetected is indicated per SSB.
3 Conclusions 
Observation 1: Contention detection is performed per preamble transmission. Since preamble may be transmitted on different beam, whether contention will be detected on a beam depends on the congestion situation of the beam.

Observation 2: As different beams of a cell cover different areas, the number of UEs in different areas may be different. As a result, the congestion situation on different beams might be different.

Observation 3: During one RACH procedure, UE may detect contention on one beam but not on another beam.

Observation 4: Congestion information per beam is useful for network to identify the hotspot area more precisely, and be able to allocating more PRACH resource on the congested beam or deploying more cells/frequencies.

Proposal: contentionDetected is indicated per SSB.
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