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Introduction  
While several aspects have already been captured in the latest draft of TS 38.321 regarding the overall random access procedure, specifically on the 4 step RA procedure, there are still some outstanding issues that require further discussion. In this contribution, we discuss these remaining issues from RAN2 point of view, in particular RA-RNTI computation and power ramping aspects in the case of no beam forming. Compared the previous version of this document, there is added discussion on incorporating SUL index into the RA-RNTI formula.
Discussion
2.1	RA-RNTI Computation
[bookmark: _GoBack]Once a random access preamble is received by the gNB, it responds with a random access response (RAR). In LTE, the RAR is addressed to the RA-RNTI, which is calculated using the time (subframe) and frequency (resource block) location where the preamble was transmitted. The RAR contains the relevant information needed to identify the UE (or UEs) whose preamble was detected at the gNB, i.e. the RAPID (Random Access Preamble IDentifier). Therefore, the same information (coupled with the contention resolution mechanism) can be used in NR as well.
Observation 1:	 RA-RNTI and RAPID can uniquely identify the time, frequency and preamble resource that correspond to the received RAR.
In this regard, we reached the following agreement in the last RAN2 meeting:
	=>	At least time and frequency is used in the RA-RNTI formula



There was some discussion on whether we need to include additional information such as the SS block index in the RA-RNTI equation. The main motivation provided by different companies was to be able to indicate the chosen SS block using specific preambles (which can be reused for each SS block) and then allowing RA-RNTI to resolve the ambiguity between UEs that chose the same preamble corresponding to different SS blocks [1]. However, RAN1 has made the following agreement in RAN1#90bis regarding SS block to RACH resource association:
	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



So, it can be surmised that at least for one-to-one or many-to-one mapping configured between SS blocks and RACH transmission occasions, the chosen preamble index can indicate the SS block which the UE selected for the resource selection. Using this methodology, the rest of the procedure, i.e. RAR reception and RA-RNTI detection at the UE can follow legacy procedure. So, there is no clear motivation to include information about the selected SS block in the RA-RNTI itself.
In LTE, the RA-RNTI is computed according to [2] as:
RA-RNTI = 1 + t_id + 10*f_id
where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6) except for NB-IoT UEs, BL UEs or UEs in enhanced coverage. However, for NR, the following working assumptions/agreements were made in RAN1 NR AdHoc#3: 
	Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols



Additionally, in RAN1#90bis, the working assumption on using L = 139 as the sequence length for RACH Preamble format using the short sequence above was agreed and the following agreements were made:
	Agreements:
· The pattern given by the PRACH Config Index repeats every RACH Configuration Period 
· The density and duration within each configuration period are FFS
· Including the possibility of in every slot
· RACH Configuration Period: 
· (working assumption) 10/20/40ms
· FFS 80ms/160ms
· FFS if the same values will be used for above and below 6GHz
· FFS the details in terms of how the pattern and configuration period are specified (e.g., via a table, via a formula, etc.)




From the above set of agreements, it can be inferred that there is a possibility of multiple RACH instances within a NR slot/subframe (using the short sequence). Therefore, in order to uniquely identify the time/frequency resource corresponding to Msg1 transmission, the equation for computing RA-RNTI should now be modified to provide further granularity. So the above RA-RNTI equation can be modified accordingly to indicate granularity on the OFDM symbol level. This is illustrated by Figure 1: 
[image: ]1 NR slot = 14 OFDM symbols (indexed 0-13)
1 NR radio frame = 10 slots (indexed 0-9)
f_id (indexed 0-5)
f_id (indexed 0-5)
1 LTE radio frame = 10 subframes (indexed 0-9)


[bookmark: _Ref493871271]Figure 1 RA-RNTI computation in LTE and NR
The corresponding equation would be:

where sym_id now refers to the OFDM symbol within a slot (0≤ sym_id< 14), t_id refers to the slot/subframe of the specified PRACH (0≤ t_id <10) and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (here, it is assumed that 0≤ f_id< 6). This formulation allows specifying individual OFDM symbol within a individual slot and would require 10 bits to signal the numerical value of RA-RNTI. Note that it is still FFS in RAN1 whether we will have consecutive or non-consecutive RACH resources within a slot and not every symbol would be available for RACH transmission, so in principle it may be possible to reduce the number of bits needed, e.g. by configuring consecutive RACH resources within a slot. Hence, the above design can be confirmed with RAN1 once the discussion on multiple PRACH instances within a slot progresses further.
Proposal 1:	Regarding multiple PRACH instances within a slot, the RA-RNTI equation in LTE should be modified for NR to provide OFDM symbol level granularity.
One additional aspect to consider is the issue of indicating SUL. As per the LS sent by RAN1 [3], at least for initial access, if SUL is configured, the RACH configuration for the SUL is available in RMSI. So, the UE would have the option of performing PRACH transmissions on either the (unpaired) UL carrier or the SUL carrier (depending on RSRP threshold). In this case, there needs to be a resolution between two UEs that choose the same time-frequency resource and preamble for transmission but different UL carriers. One straightforward way to achieve that is to incorporate this information in the RA-RNTI computation explicitly, i.e. adding in a separate factor which is a function of the UL carrier that was used for PRACH transmission. Since RAN2 agreed that at most 2 UL carriers can be configured, the overhead on reserved RA-RNTI should be minimal. In this way, both UEs monitoring the PDCCH would be resolved based on different RA-RNTIs. The details of implementing UL carrier information can be discussed further. For instance, one simple way of implementing it in the equation above is as an additive factor:
)
Here, the assumption is that sul_id can take values of 0 (for default UL carrier) and 1 (for SUL carrier) and at most 840 unique RA-RNTI values correspond to RACH resources over particular UL carrier in a single frame. The exact details can be confirmed with RAN1.
 Proposal 2:	If SUL carrier is configured for RACH transmission, the UL carrier used for Msg1 transmission can be incorporated in RA-RNTI computation.
2.2	Power Ramping Aspects
In LTE, the UE performs power ramping for preamble retransmissions if no RAR is received within the defined RAR window. This is captured in [2] in section 5.1.3 as:
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER  – 1) * powerRampingStep
where the PREAMBLE_POWER_RAMPING_COUNTER is incremented on every retransmission (unless a notification is received from L1 on UL beam switch and/or SS block change) and is responsible for the power ramping behavior. 
There are still a few issues where further RAN1/RAN2 progress may be required for power ramping in multi-beam operation. However, for the case of single beam operation, the above power ramping mechanism is sufficient and can be reused. Note that even though differentiation of PRACH parameters aspect is still FFS (and has been deferred to after December 2017) and powerRampingStep is one of the potential parameter that may be adapted to provide this differentiation, we do not expect any subsequent agreements in that regard to significantly impact in the overall power ramping procedure itself. If such differentiation is later supported by configuring different values of powerRampingStep, the appropriate value can be used in the above equation without any other modifications. So, in this regard, we propose to remove the following Editor’s note in section 5.1.3 in [4]:
	Editor's note: still the above equation needs to be confirmed by having RAN1 input.



Proposal 3:	At least for the case of single beam operation in NR, the power ramping procedure can follow LTE.
Conclusion
[bookmark: _Ref458739888]This contributions discusses the outstanding issues for random access in NR and makes the following observation(s) and proposals:
Observation 1:	 RA-RNTI and RAPID can uniquely identify the time, frequency and preamble resource that correspond to the received RAR.
Proposal 1:	Regarding multiple PRACH instances within a slot, the RA-RNTI equation in LTE should be modified for NR to provide OFDM symbol level granularity.
Proposal 2:	If SUL carrier is configured for RACH transmission, the UL carrier used for Msg1 transmission can be incorporated in RA-RNTI computation.
Proposal 3:	At least for the case of single beam operation in NR, the power ramping procedure can follow LTE.
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