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Discussion and Decision
1 Introduction
In this contribution, the random access procedure in multiple and single beam scenarios are studied and the following points are discussed:

· PRACH configuration in single and multiple beam scenarios

· Selection of the TX beam for Msg1 and its selection of the PRACH resource based on the SS TX beam  

· Reception of RARs
· The mapping of Msg2 PDCCH and the corresponding Msg2 PDSCH and their numerology and bandwidth

· Msg3 transmission and its numerology

· The mapping of Msg4 and subsequent PDCCH (in terms of time and frequency resource allocation and the numerology) for monitoring of control channel.
2 Discussion
2.1 PRACH configuration

PRACH resources in a PRACH configuration are partitioned by the number of TX beams. Each partition of the PRACH resources has a 1-1 correspondence to a SS TX beam and can be partitioned in terms of time, frequency and code/preamble sequence. Based on the received SS TX beam signal strength, the UE can detects the best received SS TX beam signal strength and use it to determine the partition of the PRACH resources corresponding to the received SS TX beam. In the case where a cell consists of multiple TRPs, each of the TRP in close proximity to the UE can be seen to be a TX beam and should be handled like in the multi-beam case. 

The numerology of Msg1 is dependent on the carrier frequency. Each PRACH configuration only has 1 numerology, but RAN 1 is still discussing whether there will be more than 1 PRACH configuration in a cell (e.g. like in LTE, another PRACH configuration for High Speed) and this may use different numerology as well as different time, frequency and preamble sequence.
Bandwidth of Msg1 has a fix value to the carrier frequency. Hence it is not part of the PRACH configuration  
Observation#1: 

· Baseline there is a PRACH configuration in a cell. It is still being discussed in RAN 1 whether there will be more than 1 per cell (e.g. high speed case as like in LTE) which may or may not use the same numerology for normal speed. The BW is fix per carrier frequency.

· In multi-beam case, PRACH resources in the configuration is partitioned and each of this partition corresponds to a gNB TX beam (or SS TX beam). The preamble used by a UE provides an indication of the gNB TX beam for transmitting the RAR to the UE

2.2 UE Transmission of Msg1
Based on the received SS TX beam, the UE can also determine its best RX beam. If there is full TX/RX correspondence at the UE, the best UE RX beam is also the best UE TX beam for Msg1. If there is no full TX/RX correspondence at the UE, the UE may have to pick from one of the TX beams associated with the best RX beam. Basically, the UE may reattempt on a different TX beam. However, this will result in very long delay. This is still currently being discussed in RAN 1 how it can be done to reduce such random access latency (e.g. allowing the UE to perform Msg1 transmission on different TX beam within a RACH occasion), and RAN 2 should wait for the outcome from RAN 1.
Proposal#1: As baseline, UE selects the TX beam for Msg1 based on the best RX beam for receiving the SS TX beam signal strength with TX/RX correspondence at the UE. For the case where TX/RX correspondence is not available, RAN 2 should wait for RAN 1 as RAN 1 is still discussing whether any further optimization is needed for at least the contention-free case.
With a UE TX beam selected and preamble selected from the partition of the PRACH resources (also if there is flexible Msg3 size like preamble group A and B) corresponding to the best received SS TX beam, the Msg1 is transmitted with initial power based on the pathloss calculation like in LTE (but based on the difference between the SS TX beam power and the received SS TX beam signal strength).
If the best RX beam changes during Msg1 transmission and no RAR is received at the end of RAR window, the UE can switch the UE TX beam if the UE detects that the TX beam has changed. On power ramping, RAN 1 has the following options:
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
Whether the PRACH attempt counter is incremented or not or reset will be based on the power ramping option taken in RAN 1:
Observation#2: Whether the PRACH attempt counter should be incremented or not, or reset depends on the options for power ramping in RAN 1.

2.3 gNB Reception of Msg1 and transmission of Msg2
gNB receives Msg1 from a RX beam at the gNB. The PRACH resource that the Msg1 is detected provides information on the corresponding gNB TX beam to send the RAR. If TX/RX reciprocity is not available, there is a possibility that the gNB may receive the same Msg1 from different gNB RX beam. As baseline, RAN 1 agrees that gNB at least supports transmission of a single Msg1 before the end of a monitored RAR window, but is still discussing whether the gNB will respond with multiple RARs. If gNB responds with multiple RARs, there is a need to discuss how the gNB transmits the multiple RARs and how the UE selects among the RARs and the solutions in [1] can be discussed.

The contents of the RAR can be same or similar to LTE. Further contents maybe needed depending on, e.g. for assisting the UE to select the TX beam if Msg1 transmission on different TX beam can occur within a RACH occasion, assisting the UEs to select the appropriate RAR if multiple RARs are possible due to no TX/RX correspondence at the gNB etc.
Proposal#3: If TX/RX reciprocity is available at the gNB and UE, UE expects reception of only 1 RAR of the selected preamble in a RAR window. FFS on whether the UE may expect multiple RARs within a RAR window due to TX/RX reciprocity not available at the gNB and/or UE.   
2.3.1  Reception of Msg2 at the UE:

There is a need for the UE to know where to decode for the Msg2 PDCCH during RAR window. Similar to MTC and NB-IoT, the mapping is provided in the PRACH resource configuration in the SIB. This information includes the bandwidth/PRBs for the Msg2 PDCCH (this bandwidth has to satisfy the minimum BW supported by all UEs in the cell). The numerology of the Msg2 PDCCH can also be part of the PRACH configuration in the SIB or the same as the SS TX beam.

As for the Msg2 PDSCH, the PRB allocation and the numerology can be provided in the DCI of the PDCCH. For numerology, it can also be the same as the Msg2 PDCCH.

Proposal#4: The Msg2 PDCCH configuration is provided as part of the PRACH configuration in the SIB (similar to eMTC and NB-IoT). The bandwidth/PRB for the Msg2 PDCCH satisfies the minimum BW supported by all UEs for that carrier frequency (or band). The numerology of the Msg2 PDCCH can also be part of the PRACH configuration in the SIB or the same as the SS TX beam. 

Proposal#5: For Msg2 PDSCH, the numerology can be indicated in the Msg2 PDCCH or the same as Msg2 PDCCH.

2.4 Msg3 transmission

Like in LTE, the UL grant of the Msg3 transmission is in the RAR. The numerology of Msg3 should follow Msg2. Adaptive and asynchronous HARQ should follow for Msg3 retransmission. The PDCCH for Msg3 retransmission follows that of Msg2 PDCCH.
In the case where TX/RX correspondence is not available at the UE and the UE performs repeated RA procedure in a RACH occasion, the UE TX beam for Msg3 has to depend on the assistance of Msg2 RAR. This is still be discussed in RAN 1. Otherwise, the UE TX beam for Msg3 should be based on the TX beam of Msg1. 

We do not see a need of early indication of the UE supported maximum bandwidth and numerology during the RA procedure until UE capability is known to the gNB. For URLLC, we have agreed that CP latency is not considered.
Proposal#6: The transmission of Msg3 should follow the UL grant in RAR of Msg2 (in terms of time and frequency domain resource allocation) like in LTE and the numerology of Msg3 should follow that of PDSCH of Msg2. Like eMTC and NB-IoT, the Msg3 retransmission is based on adaptive and asynchronous HARQ. The PDCCH for Msg3 retransmission follows that of Msg2 PDCCH. The TX beam of Msg3 should at least follow Msg1. Whether Msg2 RAR contains assistance information of the UE TX beam for Msg3 depends on whether RAN 1 allows repeated RA procedure within a RACH occasion.
Proposal#7: As baseline, there is no need for early indication of the UE supported maximum bandwidth and numerology during the RA procedure until UE capability is known to the gNB.
2.5 Msg4 Reception

The Msg4 DL TX beam is most likely that of Msg2. However, if there is any change needed on the gNB TX beam for Msg4 to the UE, gNB can base it on gNB RX beam of the Msg3 itself to adjust its gNB TX beam for Msg4. There is no need for addition information in Msg3.
Msg2 and Msg4 can share the resource for PDCCH (common control resource set) but the search space may be different between the two (e.g. UE specific search space vs Common search space). The numerology and bandwidth of the Msg4 PDCCH also follow the PDCCH of Msg2. The numerology of the Msg4 PDSCH can follow its PDCCH or indicated in the DCI of its PDCCH.

Contention resolution should follow LTE (i.e. either C-RNTI MAC CE or echo back Contention Resolution ID MAC CE) with MAC contention resolution timer. The contention resolution should also work even with direct data transmission (as shown in [2]).

Proposal#8: There is no need for addition information in Msg3 to assist the gNB for adjusting the gNB TX beam for Msg4.
Proposal#9: Msg2 and Msg4 can share the resource for PDCCH (common control resource set).The numerology and bandwidth of the Msg4 PDCCH also follow the PDCCH of Msg2. The numerology of the Msg4 PDSCH can follow its PDCCH or indicated in the DCI of its PDCCH.

Proposal#10:  Random access contention resolution should follow LTE (i.e. either C-RNTI PDCCH or echo back the first x-bit in Msg3 in Contention Resolution ID MAC CE) with MAC contention resolution timer. In LTE, x is 48bits. 
3 Conclusion
In this contribution, we follow the random access procedure in the beam and non-beam scenario and has the following observations and proposals:

Observation#1: 

· Baseline there is a PRACH configuration in a cell. It is still being discussed in RAN 1 whether there will be more than 1 per cell (e.g. high speed case as like in LTE) which may or may not use the same numerology for normal speed. The BW is fix per carrier frequency.

· In multi-beam case, PRACH resources in the configuration is partitioned and each of this partition corresponds to a gNB TX beam (or SS TX beam). The preamble used by a UE provides an indication of the gNB TX beam for transmitting the RAR to the UE

Proposal#1: As baseline, UE selects the TX beam for Msg1 based on the best RX beam for receiving the SS TX beam signal strength with TX/RX correspondence at the UE. For the case where TX/RX correspondence is not available, RAN 2 should wait for RAN 1 as RAN 1 is still discussing whether any further optimization is needed for at least the contention-free case.
Observation#2: Whether the PRACH attempt counter should be incremented or not, or reset depends on the options for power ramping in RAN 1.

Proposal#3: As baseline, UE expects reception of only 1 RAR of the selected preamble in a RAR window. FFS on whether the UE may expect multiple RARs within a RAR window due to TX/RX reciprocity not available at the gNB and/or UE.   
Proposal#4: The Msg2 PDCCH configuration is provided as part of the PRACH configuration in the SIB (similar to eMTC and NB-IoT). The bandwidth/PRB for the Msg2 PDCCH satisfies the minimum BW supported by all UEs for that carrier frequency (or band). The numerology of the Msg2 PDCCH can also be part of the PRACH configuration in the SIB or the same as the SS TX beam. 

Proposal#5: For Msg2 PDSCH, the numerology can be indicated in the Msg2 PDCCH or the same as Msg2 PDCCH.

Proposal#6: The transmission of Msg3 should follow the UL grant in RAR of Msg2 (in terms of time and frequency domain resource allocation) like in LTE and the numerology of Msg3 should follow that of PDSCH of Msg2. Like eMTC and NB-IoT, the Msg3 retransmission is based on adaptive and asynchronous HARQ. The PDCCH for Msg3 retransmission follows that of Msg2 PDCCH.The TX beam of Msg3 should at least follow Msg1. Whether Msg2 RAR contains assistance information of the UE TX beam for Msg3 depends on whether RAN 1 allows repeated RA procedure within a RACH occasion.
Proposal#7: As baseline, there is no need for early indication of the UE supported maximum bandwidth and numerology during the RA procedure until UE capability is known to the gNB.
Proposal#8: There is no need for addition information in Msg3 to assist the gNB for adjusting the gNB TX beam for Msg4.
Proposal#9: Msg2 and Msg4 can share the resource for PDCCH (common control resource set).The numerology and bandwidth of the Msg4 PDCCH also follow the PDCCH of Msg2. The numerology of the Msg4 PDSCH can follow its PDCCH or indicated in the DCI of its PDCCH.

Proposal#10:  Random access contention resolution should follow LTE (i.e. either C-RNTI PDCCH or echo back the first x-bit in Msg3 in Contention Resolution ID MAC CE) with MAC contention resolution timer. In LTE, x is 48bits.  
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