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Introduction
Agreements related to SSBs and RAPID relevant for RA-RNTI definition:
In RAN2#99 The following agreement was made:
-	Details of RA-RNTI calculations are FFS
In RAN1, several relevant agreements which may impact RA-RNTI have been made. In RAN1#88,
At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
In RAN1#88bis, the following agreements were made
The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is [64]

In RAN1#90bis, the following agreements were made.
Agreements:
· Assuming N preamble indices are available in one RACH transmission occasion:
· If only one SSB is mapped to only one RACH transmission occasion, each RACH transmission occasion has preamble index 0 to N-1
· FFS other cases
Agreements:
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.
· FFS: Mapping to overlapping subsets

In RAN2#99bis, the following agreement was also made
Agreements:
1 As in LTE, two bits (T/E) are used and 6 bits RAPID.

Agreements related to RAR window.
Agreements RAN2#98
1. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.
2. The size of RAR window is configurable 

Agreements RAN2# NR Ad Hoc
Agreements
1. The RAR window starts a fixed duration after the preamble transmission occasion, irrespective of if there are several PRACH configurations.  From the RAN2 perspective, it is beneficial to be as low as possible, possibly zero.  Ask RAN1 what is the lowest processing time the UE can assume.    

Further, the following RAN1 agreement are relevant:
[bookmark: _GoBack]Agreements in RAN1#90:
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
· The fixed duration is X T_s
· X is the same for all RACH occasions
· For a single Msg1 RACH from UE,
· The size of a RAR window is the same for all RACH occasions and is configured in RMSI
· RAR window could accommodate processing time at gNB. 
· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc
· Minimum window size depends on duration of Msg2 or CORESET and scheduling delay
· FFS: multiple Msg1 RACH case if supported

Agreements in RAN1#AH3:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4

Agreements related to Power ramping counter suspension notification:
In RAN2#99bis, the following agreement was made:
Agreements
· MAC entity increments PREAMBLE_POWER_RAMPING_COUNTER by 1 if UE does not change the TX beam and the SS block for PRACH retransmission
· A new notification, power ramping counter suspention notification, should be defined in NR for L1 to inform MAC layer of UL beam switching and SS block change for PRACH retransmission for MAC to maintain PREAMBLE_POWER_RAMPING_COUNTER.  FFS for DC case.

The following agreements are relevant to contention resolution
In RAN2-99bis, the following agreement was made. 
Agreements
1.	As in LTE, if C-RNTI MAC CE was included in Msg3, the contention resolution is successful if one of the following conditions is met:
· If the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; 
· If the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI
2.	As in LTE, if C-RNTI MAC CE was not included in Msg3, the contention resolution is successful if the UE Contention Resolution Identity received in Msg4 matches the first ‘X’ bits of CCCH SDU transmitted in Msg3. The value of ‘X’ is FFS.
3. 	As in LTE, after transmitting Msg3, UE starts mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission. If mac-ContentionResolutionTimer expires, contention resolution is considered not successful.
4.	For contention based random access for INACTIVE to CONNECTED transition, the same contention resolution as for idle mode is used.  The assumption is that CCCH SDU contents will contain some form of ID in the resume request message.

This contribution addresses open issues regarding RA-RNTI definition when multiple SSBs are configured, the RAR window length, power ramping counter suspension and contention resolution.
[bookmark: _Ref178064866]Discussion
RA-RNTI when multiple SSBs are configured
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]As agreed in RAN1#88, the UE is able to indicate SS block index of the best SS block (i.e. indicating the best DL beam from the gNB) with the preamble and or using dedicated PRACH resources. Since there may be up to 64 SS blocks in a high frequency scenario, it is clear that allocating only 64 different preambles per cell as in LTE will not be sufficient. Ongoing RAN1 discussions indicate that there is a wide support to have (at least) 64 preambles per SSB.
If more than 64 preambles are allocated in a cell, the RAPID field (of 6 bits) in the RAR MAC sub header will not alone be sufficient to represent the different preambles that the UE can transmit. 
Since the RAPID together with the RA-RNTI is used to indicate to the UE that its preamble transmission has been received by the gNB, another option is possible by keeping the 6 bit RAPID unchanged and instead redesign the RA-RNTI. This can be done by including the SS block index in the RA-RNTI definition. This would make it possible to indicate 64 preambles per SS block with the RAPID. This implies that the RAPID will be an index to the preambles configured within an SSB. The RA-RNTI could for example be defined by
RA-RNTI = 1 + t_id + 80*SSB_index + 80*64 * f_id
Where t_id is the slot in the radioframe (maximum 80 NR when SCS is 120 kHz) when the NR-RACH preamble was detected by gNB, SSB_index is the index indicated by the preamble. i.e. the strongest beam that the UE detected (maximum 64 in case of frequency range above 6GHz) and f_id is the index of the specified PRACH within that slot. 
If it is agreed by RAN1 that a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is not allowed, then the above RA-RNTI formula is sufficient to identify up to 64 preambles per SSB. We believe this number of preambles is sufficient and propose

[bookmark: _Toc498350821][bookmark: _Toc498437366][bookmark: _Toc498437871][bookmark: _Toc498437901][bookmark: _Toc498438172][bookmark: _Toc498439050][bookmark: _Toc498439701][bookmark: _Toc498506683][bookmark: _Toc498601633][bookmark: _Toc498634055]If a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is not supported, define the RA-RNTI by RA-RNTI = 1 + t_id + 80*SSB_index + 80*64 * f_id, where t_id is the slot, SSB_index is the index indicated by the preamble and f_id is the index of the specified PRACH.
In case more than 64 preambles per SSB needs to be supported, then e.g. the 6 LSB bits if the preamble can be indicated in the RAPID and the rest indicated by the RA-RNTI. This is described in the RAN1 contribution [1].
If it is agreed by RAN1 that a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is allowed, the preamble alone will not be able to indicate SSB. Instead the gNB will only know the group of SSBs which are associated to the same set of RACH preambles. Hence, the gNB does not know the indicated SSB and cannot determine a RA-RNTI based on SSB index.
One way to define the RA-RNTI in this case is to define SSB groups where SSBs containing the same preambles are grouped. If we define an index for each such group of SSBs, associated to the same set of RACH preambles, as an “RACH_group_index”, then we can include that association group index into the RA-RNTI. In this case, the RA-RNTI could for example be calculated as
RA-RNTI = 1 + slot_id+ 80* RACH_group_index + 80*64*f_id
With a one-to-one association between SSB index and PRACH preambles, then every RACH group contains only one SSB and the RACH_group_index would equal the SSB index. 
[bookmark: _Toc497828835][bookmark: _Toc498437360][bookmark: _Toc498437866][bookmark: _Toc498437897][bookmark: _Toc498438168][bookmark: _Toc498439043][bookmark: _Toc498439697][bookmark: _Toc498506673][bookmark: _Toc498634051]With a one-to-one association between SSB index and PRACH preambles, the RACH_group_index equals the SSB index.
With a many-to-one mapping between SSB and PRACH preambles, then several SSBs are associated with the same set of PRACH preambles. The SSBs which are associated with the same set of PRACH preambles are then labeled with the same “RACH_group_index”. The UE monitors RAR for a RAR transmitted with an RA-RNTI with the RACH group index in which the detected SSB is included.
[bookmark: _Toc497827934][bookmark: _Toc497828828][bookmark: _Toc498350822][bookmark: _Toc498437367][bookmark: _Toc498437872][bookmark: _Toc498437902][bookmark: _Toc498438173][bookmark: _Toc498439051][bookmark: _Toc498439702][bookmark: _Toc498506684][bookmark: _Toc498601634][bookmark: _Toc498634056]If a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is supported, define an index, “RACH_group_index” for each group of SSBs associated to the same set of PRACH preambles.
[bookmark: _Toc494360104][bookmark: _Toc494360390][bookmark: _Toc494360516][bookmark: _Toc494361476][bookmark: _Toc494361601][bookmark: _Toc494371946][bookmark: _Toc494372029][bookmark: _Toc494372286][bookmark: _Toc494372341][bookmark: _Toc494443779][bookmark: _Toc494443865][bookmark: _Toc494443906][bookmark: _Toc494444013][bookmark: _Toc494444155][bookmark: _Toc494444216][bookmark: _Toc494444256][bookmark: _Toc494444298][bookmark: _Toc494444352][bookmark: _Toc494448047][bookmark: _Toc494449127][bookmark: _Toc494713361][bookmark: _Toc494715366][bookmark: _Toc494715559][bookmark: _Toc494715660][bookmark: _Toc494720337][bookmark: _Toc494723630][bookmark: _Toc494723741][bookmark: _Toc492651053][bookmark: _Toc492651123][bookmark: _Toc492651149][bookmark: _Toc492651189][bookmark: _Toc492651228][bookmark: _Toc492651261][bookmark: _Toc492651407][bookmark: _Toc492651638][bookmark: _Toc492652324][bookmark: _Toc492652464][bookmark: _Toc492652621][bookmark: _Toc492652737][bookmark: _Toc492652891][bookmark: _Toc492653231][bookmark: _Toc492654672][bookmark: _Toc492654707][bookmark: _Toc492655130][bookmark: _Toc492655306][bookmark: _Toc492656367][bookmark: _Toc492656686][bookmark: _Toc492656716][bookmark: _Toc492656748][bookmark: _Toc492656816][bookmark: _Toc492656863][bookmark: _Toc492657030][bookmark: _Toc492890728][bookmark: _Toc492903897][bookmark: _Toc492903931][bookmark: _Toc492904116][bookmark: _Toc492904215][bookmark: _Toc494287107][bookmark: _Toc494290024][bookmark: _Toc494359934][bookmark: _Toc494360105][bookmark: _Toc494360391][bookmark: _Toc494360517][bookmark: _Toc494361477][bookmark: _Toc494361602][bookmark: _Toc494371947][bookmark: _Toc494372030][bookmark: _Toc494372287][bookmark: _Toc494372342][bookmark: _Toc494443780][bookmark: _Toc494443866][bookmark: _Toc494443907][bookmark: _Toc494444014][bookmark: _Toc494444156][bookmark: _Toc494444217][bookmark: _Toc494444257][bookmark: _Toc494444299][bookmark: _Toc494444353][bookmark: _Toc494448048][bookmark: _Toc494449128][bookmark: _Toc494713362][bookmark: _Toc494715367][bookmark: _Toc494715560][bookmark: _Toc494715661][bookmark: _Toc494720338][bookmark: _Toc494723631][bookmark: _Toc494723742][bookmark: _Toc494723790][bookmark: _Toc494748572]Based on a RACH_group_index the RA-RNTI is defined using the RACH_group_index in addition to slot index and frequency allocation in which the preamble was transmitted.

[bookmark: _Toc492632676][bookmark: _Toc492639316][bookmark: _Toc494099544][bookmark: _Toc494099568][bookmark: _Toc494273993][bookmark: _Toc494274697][bookmark: _Toc494283201][bookmark: _Toc494360737][bookmark: _Toc497827935][bookmark: _Toc497828829][bookmark: _Toc498350823][bookmark: _Toc498437368][bookmark: _Toc498437873][bookmark: _Toc498437903][bookmark: _Toc498438174][bookmark: _Toc498439052][bookmark: _Toc498439703][bookmark: _Toc498506685][bookmark: _Toc498601635][bookmark: _Toc498634057]If a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is supported, define the RA-RNTI by RA-RNTI = 1 + t_id + 80*RACH_group_index + 80*64 * f_id, where t_id is the slot, RACH_group_index is the index indicated by the preamble and f_id is the index of the specified PRACH.
Compared to LTE, where the RAPID has a one-to-one association with the preamble, the above given RA-RNTI formula will give a one-to-many mapping between the RAPID and the preamble. The one-to-one mapping between RAPID and preamble is only valid within RACH_group_index.
An example of how the preamble index can be determined based on the RA-RNTI and RAPID is explained in Figure 1, where for the sake of discussion, we assume that 128 preambles and three SS blocks are configured. Two of the SSBs are configured with the same set of preambles which gives two RACH_group_indices.

[image: ]
[bookmark: _Ref494096755]Figure 1 Example of preamble configuration with three SSBs and 64 preambles each. The ith preamble in each SSB corresponds to the same RAPID. SSB1 and SSB2 share the same preambles and form a RACH group.
Assume further that preamble 0-63 indicate SSB 1 or SSB 2 and preamble 64-127 indicate SSB 3. Then e.g. RAPID 000001 could indicate both preamble 1 and preamble 65, but with different scrambling settings based on RA-RNTI. The RA-RNTI for these preambles would be different and since the RAR is scrambled by the RA-RNTI of the preamble, the UE will know if the preamble 1 or 65 is acknowledged by the RAR with RAPID 000001. The same principle holds for the other preambles, i.e. the ith preamble in every SSB has the same RAPID. Hence, by using the RA-RNTI definition in proposal 3 and the 6 bit RAPID where ith preamble in every SSB has the same RAPID, any preamble can be identified by the RA-RNTI and RAPID. 
Therefore, we propose the following. 
[bookmark: _Toc494099546][bookmark: _Toc494099570][bookmark: _Toc494273995][bookmark: _Toc494274699][bookmark: _Toc494283203][bookmark: _Toc494360739][bookmark: _Toc497827936][bookmark: _Toc497828830][bookmark: _Toc498350824][bookmark: _Toc498437369][bookmark: _Toc498437874][bookmark: _Toc498437904][bookmark: _Toc498438175][bookmark: _Toc498439053][bookmark: _Toc498439704][bookmark: _Toc498506686][bookmark: _Toc498601636][bookmark: _Toc498634058]The ith preamble in every RACH_group has the same RAPID “i” in the RAR sub header.
The RA-RNTI definition will have implications on which RARs that can be multiplexed. As in LTE, only RARs with the same RA-RNTI can be multiplexed. Defining the RAR using RACH_group_index will also restrict the multiplexing of RARs to those preambles that indicate the same RACH_group_index. However, this will be no issue since preambles indicating different RACH_group_index would anyway be sent on different beams, and multiplexing of them would not be possible.
RAR window length
From the discussions in previous meetings it is clear that the RAR window should start as early as possible for minimum latency of the Random Access procedure. The minimum possible value would be at the “next available CORESET”. However, due to UE Tx-Rx switching this may be too early for some UEs and configurations. From a RAN2 perspective, we believe that this problem could be handled by the network as it knows the configurations and should be careful to not send the RAR before the UE is ready to receive. Hence
[bookmark: _Toc498432684][bookmark: _Toc498437868][bookmark: _Toc498437898][bookmark: _Toc498438169][bookmark: _Toc498439044][bookmark: _Toc498439698][bookmark: _Toc498506674][bookmark: _Toc498634052]The network can make sure not to send the RAR before the UE is ready to receive it.
However, pending RAN1 and RAN4 feedback we cannot settle the exact time point when the UE must be able to receive the RAR.
The length of the RAR window also has impact on Random access latency. The new short preamble formats of only 1 OFDM symbol agreed by RAN1 together with PRACH occasions every subframe would make it possible to (re-)transmit a preamble every subframe if the RAR window is short enough. This would be beneficial in e.g. case of UL beam switching or low latency applications. 
[bookmark: _Toc498432688][bookmark: _Toc498437877][bookmark: _Toc498437906][bookmark: _Toc498438177][bookmark: _Toc498439055][bookmark: _Toc498439706][bookmark: _Toc498506688][bookmark: _Toc498601638][bookmark: _Toc498634059]Shortest RAR window length is ½ slot configured for low latency applications.
At the other end of the spectrum is the longest configurable length of the RAR window. In LTE this number if 10 subframes. The reason for having a long window is to allow for gNB processing in case of high load. A reason for not exceeding 10 subframes is that even though the RA-RNTI definition for NR is not yet agreed, but it is likely that it will only be unique per radio frame. Exceeding ten subframes or one radio frame would require a more complex design of the RA-RNTI. Further, as scheduling delays etc. depends on SCS the RAR window length should be configured with a unit of slots but taking the restriction of maximum one radio frame into account. We believe that a reasonable max length of the RAR window can be formulated as in the following proposal.
[bookmark: _Toc497914190][bookmark: _Toc497914399][bookmark: _Toc497914841][bookmark: _Toc497917174][bookmark: _Toc498432689][bookmark: _Toc498437878][bookmark: _Toc498437907][bookmark: _Toc498438178][bookmark: _Toc498439056][bookmark: _Toc498439707][bookmark: _Toc498506689][bookmark: _Toc498601639][bookmark: _Toc498634060][bookmark: _Toc497735988][bookmark: _Toc497741451][bookmark: _Toc497758892][bookmark: _Toc497758962][bookmark: _Toc497808059][bookmark: _Toc497814778][bookmark: _Toc497814989][bookmark: _Toc497815201][bookmark: _Toc497815415][bookmark: _Toc497815626][bookmark: _Toc497815837][bookmark: _Toc497816048][bookmark: _Toc497816260][bookmark: _Toc497823068][bookmark: _Toc497823820][bookmark: _Toc497824032][bookmark: _Toc497824615][bookmark: _Toc497914191][bookmark: _Toc497914400][bookmark: _Toc497914842][bookmark: _Toc497917175]Maximum RAR window length is 32 slots but not longer than 10ms.
Power ramping counter suspension notification
For NR it has been agreed that the PREAMBLE_POWER_RAMPING_COUNTER will not be incremented at preamble retransmissions in case the UE either changes its SSB or changes its UL transmission beam. If either of these are changed, the PREAMBLE_POWER_RAMPING_COUNTER remains unchanged and the UE will remain on the same power level when retransmitting the preamble.
The MAC layer will be informed via the power ramping counter suspension notification from L1 whether the PREAMBLE_POWER_RAMPING_COUNTER should be incremented or not. The exact formulation in 38.321 is still under discussion in RAN2.
For DC, there is also a power ramping counter suspension notification in LTE. This is used for a different reason, i.e. when a power limited UE does parallel random accesses and need to distribute power between the different MAC entities. In this case the power ramping counter suspension notification can be used to distribute the power to the more prioritized carrier. Even if the reason for suspending the power ramping is different the effect is the same, i.e. if the MAC entity receives a power ramping counter suspension notification, the power ramping is suspended. The reason for the suspension is irrelevant for MAC. Hence, the reason for power ramping suspension should be agnostic to MAC. 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc497385564][bookmark: _Toc498438170][bookmark: _Toc498439045][bookmark: _Toc498439699][bookmark: _Toc498506675][bookmark: _Toc498634053]The reason for power ramping suspension should be agnostic to MAC.
Based on the observation that the reason for power ramping suspension should be agnostic to MAC, we propose
[bookmark: _Toc497385573][bookmark: _Toc497385607][bookmark: _Toc497823668][bookmark: _Toc498438179][bookmark: _Toc498439057][bookmark: _Toc498439708][bookmark: _Toc498506690][bookmark: _Toc498601640][bookmark: _Toc498634061]The power ramping counter suspension is reported from PHY to MAC.
Another issue which must be addressed regarding power ramping in the draft for 38.321 is where the following text should be placed:
2>	if the notification of suspending power ramping counter has not been received from lower layers, and SS block selected for PRACH retransmission is not changed:
3>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
This text is currently in 5.1.4 and 5.1.5. The reason the text needs to be moved is the fact that SS block reselection for the retransmission of the PRACH has not taken place when the text is executed. What happens at the end of section 5.1.4 and 5.1.5 is that the procedure goes back to section 5.1.2 to perform preamble retransmission. PREAMBLE_POWER_RAMPING_COUNTER is used in the power calculation in section 5.1.3. We believe the text can be moved to the start of section 5.1.3 or to the end of section 5.1.2.
[bookmark: _Toc498439058][bookmark: _Toc498439709][bookmark: _Toc498506691][bookmark: _Toc498601641][bookmark: _Toc498634062]Approve the text proposal to move text regarding power ramping suspension.	Comment by Jan Christoffersson: Not sure how to formulate this. Should be a TP also for this.	Comment by Mats Folke: I will handle it.
Contention resolution
In LTE, a contention resolution identity is provided in Msg4 for UEs who have not supplied a C-RNTI MAC CE in Msg3. The C-RNTI MAC CE contains the 16-bit C-RNTI of the UE and is used by connected UEs. The 16-bit C-RNTI is large enough to uniquely identify up to 216 different UEs within a cell.
For Idle UEs, the UE identity which is included in the RRC message in Msg3 is echoed back in the Contention Resolution Identity. In LTE, the Contention Resolution Identity is 48 bits. In a similar way, the 48 bits in the Contention Resolution Identity is enough to uniquely identify up to 248 different UEs. This should be large enough to handle all potential UEs within the network.
In NR, the Contention Resolution Identity should also be large enough to uniquely identify UEs in the RRC inactive state. In NR, this will be done by the UE AS Context ID (A-RNTI). The size of this has not yet been agreed but in [2] it is proposed to be 40 bits similar to the LTE Rel-13 Resume ID. The UEs in RRC inactive state are previously connected UEs within a partial area of the network which have been put to RRC inactive instead of Idle in order to facilitate a fast transition back to active state. Clearly the total number of potential UEs within the network is larger than the inactive UEs within a partial area of the network.
[bookmark: _Toc497140030][bookmark: _Toc498439046][bookmark: _Toc498439700][bookmark: _Toc498506676][bookmark: _Toc498634054]The size of the Contention Resolution Identity does not need to be larger to handle inactive UEs than to handle Idle UEs.
Since the Contention Resolution Identity of 48 bits is sufficient to handle Idle UEs and we do not expect a larger size to handle inactive UEs and we make the following proposal.
[bookmark: _Toc497140039][bookmark: _Toc498439059][bookmark: _Toc498439710][bookmark: _Toc498506692][bookmark: _Toc498601642][bookmark: _Toc498634063]The Contention Resolution Identity in NR is 48 bits.
[bookmark: _Ref189046994]Text Proposal for 38.321
[bookmark: _Toc497230287]5.1.3	Random Access Preamble transmission
The MAC entity shall, for each preamble:
1>	if the notification of suspending power ramping counter has not been received from lower layers, and SS block selected for PRACH retransmission is not changed:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
1>	set PREAMBLE_RECEIVED_TARGET_POWER to ra-PreambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep;
Editor's note: still the above equation needs to be confirmed by having RAN1 input.
Editor's note: the text should be clarified further regarding multiple preamble transmission case.
1>	compute the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted as follows [TBD]:
Editor's note: RA-RNTI calculation equation will be placed here. At least time and frequency is used in the RA-RNTI formula.
1>	instruct the physical layer to transmit the preamble using the selected PRACH, corresponding RA-RNTI, PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
[bookmark: _Toc497230288]5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted, the MAC entity shall:
1>	if 'multiple preamble transmission' has been signalled:
Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.
2>	start the ra-ResponseWindow at the NR-UNIT that contains the end of the first preamble transmission plus [TBD] NR-UNITs;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is running;
1>	else:
2>	start the ra-ResponseWindow at the NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;
Editor's note: the above if-statement can be combined since the difference is marginal.
Editor's note: The value of TBD duration is FFS. It is a fixed duration and should be as low as possible.
Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while ra-ResponseWindow is running;
Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).
1>	if a downlink assignment for this NR-UNIT has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a Backoff Indicator subheader:
3>	set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.
2>	else:
3>	set the PREAMBLE_BACKOFF to 0 ms.
2>	if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful;
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes RAPID only:
4>	consider this Random Access procedure successfully completed; 
4>	indicate the reception of an acknowledgement for the SI request to upper layers;
3>	else:
4>	if 'multiple preamble transmission' has been signalled:
5>	stop transmitting remaining preambles, if any; 
Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.
4>	apply the following actions for the serving cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see subclause 5.2);
5>	indicate the ra-PreambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep);
5>	process the received UL grant value and indicate it to the lower layers;
4>	if the Random Access Preamble was not selected by the MAC entity among the common PRACH preambles:
5>	consider the Random Access procedure successfully completed.
4>	else:
5>	set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
5>	if this is the first successfully received Random Access Response within this Random Access procedure:
6>	if the transmission is not being made for the CCCH logical channel:
7>	indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission;
6>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>	if ra-ResponseWindow expires; and
1>	if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.
2>	if the notification of suspending power ramping counter has not been received from lower layers, and SS block selected for PRACH retransmission is not changed:
3>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
Editor's note: The location of 'increment PREAMBLE_POWER_RAMPING_COUNTER by 1') can be discussed further.
2>	if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 1:
3>	if the Random Access Preamble is transmitted on the SpCell:
4>	indicate a Random Access problem to upper layers;
3>	else if the Random Access Preamble is transmitted on a SCell:
4>	consider the Random Access procedure unsuccessfully completed;
2>	if in this Random Access procedure, the Random Access Preamble was selected by MAC among the common PRACH preambles:
3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	delay the subsequent Random Access Preamble transmission by the backoff time;
2>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
HARQ operation is not applicable to the Random Access Response transmission.
[bookmark: _Toc497230289]5.1.5	Contention Resolution
Contention Resolution is based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.
Once Msg3 is transmitted, the MAC entity shall:
1>	start ra-ContentionResolutionTimer and restart ra-ContentionResolutionTimer at each HARQ retransmission;
1>	monitor the PDCCH while ra-ContentionResolutionTimer is running;
Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).
1>	if notification of a reception of a PDCCH transmission is received from lower layers:
2>	if the C-RNTI MAC CE was included in Msg3:
3>	if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 
3>	if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI:
4>	consider this Contention Resolution successful;
4>	stop ra-ContentionResolutionTimer;
4>	discard the TEMPORARY_C-RNTI;
4>	consider this Random Access procedure successfully completed.
2>	else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:
3>	if the MAC PDU is successfully decoded:
4>	stop ra-ContentionResolutionTimer;
4>	if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and
4>	if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:
5>	consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;
5>	set the C-RNTI to the value of the TEMPORARY_C-RNTI;
5>	discard the TEMPORARY_C-RNTI;
5>	consider this Random Access procedure successfully completed.
4>	else
5>	discard the TEMPORARY_C-RNTI;
5>	consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.
1>	if ra-ContentionResolutionTimer expires:
2>	discard the TEMPORARY_C-RNTI;
2>	consider the Contention Resolution not successful.
1>	if the Contention Resolution is considered not successful:
2>	flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if the notification of suspending power ramping counter has not been received from lower layers and SS block selected for PRACH retransmission is not changed:
3>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
Editor's note: The location of 'increment PREAMBLE_POWER_RAMPING_COUNTER by 1') can be discussed further.
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
3>	indicate a Random Access problem to upper layers.
2>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
2>	delay the subsequent Random Access Preamble transmission by the backoff time;
2>	perform the Random Access Resource selection procedure (see subclause 5.1.2).


[bookmark: _Toc486025117][bookmark: _Toc497230331]6.1.3.3	UE Contention Resolution Identity MAC CE
The UE Contention Resolution Identity MAC CE is identified by MAC PDU subheader with LCID as specified in Table 6.2.1-1. This CE has a fixed TBD48-bit size and consists of a single field defined as follows (Figure 6.1.3.4-1)
-	UE Contention Resolution Identity: This field contains the uplink CCCH SDU.


Figure 6.1.3.3-1: UE Contention Resolution Identity MAC CE
Editor's Note: Figure 6.1.3.3-1 assumes 48-bit size (as in LTE), but can be changed later.

Conclusion
In section 2 we made the following observations:
Observation 1	With a one-to-one association between SSB index and PRACH preambles, the RACH_group_index equals the SSB index.
Observation 2	The network can make sure not to send the RAR before the UE is ready to receive it.
Observation 3	The reason for power ramping suspension should be agnostic to MAC.
Observation 4	The size of the Contention Resolution Identity does not need to be larger to handle inactive UEs than to handle Idle UEs.

Based on the discussion in section 2 we propose the following:
Proposal 1	If a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is not supported, define the RA-RNTI by RA-RNTI = 1 + t_id + 80*SSB_index + 80*64 * f_id, where t_id is the slot, SSB_index is the index indicated by the preamble and f_id is the index of the specified PRACH.
Proposal 2	If a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is supported, define an index, “RACH_group_index” for each group of SSBs associated to the same set of PRACH preambles.
Proposal 3	If a many-to-one mapping on the same PRACH transmission occasion between SSBs and preambles is supported, define the RA-RNTI by RA-RNTI = 1 + t_id + 80*RACH_group_index + 80*64 * f_id, where t_id is the slot, RACH_group_index is the index indicated by the preamble and f_id is the index of the specified PRACH.
Proposal 4	The ith preamble in every RACH_group has the same RAPID “i” in the RAR sub header.
Proposal 5	Shortest RAR window length is ½ slot configured for low latency applications.
Proposal 6	Maximum RAR window length is 32 slots but not longer than 10ms.
Proposal 7	The power ramping counter suspension is reported from PHY to MAC.
Proposal 8	Approve the text proposal to move text regarding power ramping suspension.
Proposal 9	The Contention Resolution Identity in NR is 48 bits.
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