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1	Introduction
The new work item on New Radio- (NR-) based access to unlicensed spectrum (RP-182878) specifies the following as objective for Random Access procedure:
	- 	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH.



It was generally concluded in the study item phase, for each RA procedure message there should be more opportunities to transmit due to possible LBT failures compared to licensed band operation.
In this contribution, we discuss further on the options how those could be realized.
2	Transmission opportunities for RA messages
It should be noted that in a RAN1 provided LS (R1-1901460) it is provided no multiple simultaneously active BWPs will be supported in Rel-16 NR-U. Hence, the wideband operation of a serving cell with bandwidth larger than 20MHz is performed with single active BWP (with possible multiple configured) and transmissions may be performed on a specific subchannel where LBT is successful even though it would not be on others.
2.1	Msg1/preamble transmission
In Rel-15 NR, the UE selects first a beam – SSB or CSI-RS (CFRA only) – and then a preamble associated with that beam. Upon transmission of the preamble, a next available PRACH occasion (RO) is selected, and more specifically UE selects the next available RO randomly if there are multiple consecutive (in frequency/time domain) occasions corresponding to the selected beam, where the preamble is then transmitted. For NR-U, however, the UE may fail the preamble transmission on the selected RO due to the busy channel, ie., due to LBT failure. The next RO(s) corresponding to the selected beam may come only after several milliseconds which will delay the preamble transmission procedure to quite some extent if multiple attempts fail in a row. Hence, it seems indeed necessary to increase the Msg1 transmission opportunities for the UE.
As provided in [1], RAN1 is already considering number of possible enhancement options to cope with the uncertainty the LBT brings for the Msg1 transmission. RAN2 territory is on the resource selection (beam, preamble, RO) side for which possible enhancement options are discussed below. Furthermore, it should be equally possible to provide more transmission opportunities with both CBRA (Contention Based Random Access) and CFRA (Contention Free Random Access) or combine these to provide more opportunities for CFRA, for instance.
2.1.1	Frequency domain resources across multiple sub-bands
Given the RAN1 LS about wideband operation, multiple PRACH resources in frequency domain spread across multiple 20 MHz sub-bands can provide robustness against LBT failures. Therefore, an efficient way to increase the transmission opportunities of Msg1 is to allow the configuration of PRACH resources on multiple 20 MHz sub-bands. The UE can select the PRACH resources to be used for transmission of the preamble also based on the outcome of separate LBT procedures performed on different 20 MHz sub-bands. Such diversity in the carrier/frequency domain can improve the robustness of the Msg1 transmission. A high level illustration of this is given in the following Figure 1.
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Figure 1: Frequency/carrier diversity for transmission Msg1 in NR-U RA procedure
This proposal is applicable when the BWP corresponds to at least two sub-bands, otherwise a single LBT procedure is performed.
Observation 1: Allowing multiple PRACH resources in frequency domain across multiple 20MHz LBT sub-bands will increase the possibility for successful preamble transmission due to independent LBT procedures.
On the other hand, this proposal is also applicable for UEs which do not support a bandwidth > 20 MHz or UEs accessing the cell from IDLE/INACTIVE modes; in such case the UE would not be able to perform multiple LBT procedures, but it may select any of the available sub-bands and perform LBT on the selected sub-band. For instance, system information received from the initial BWP could indicate the multiple sub-bands where the access can be attempted. The gNB would listens for the preamble transmission on all configured resources. Once it detects a PRACH preamble on a given sub-band, it sends Msg2 on the same sub-band; it is assumed as a baseline that the UE performs the complete Random Access cycle (Msg 1/2/3/4) in one sub-band at a time at least for initial access where UE BW capabilities are not known to the NW, i.e. on the sub-band that was actually used for Msg1 transmission.
Proposal 1: Support configuration of multiple PRACH resources in frequency domain spread across multiple 20MHz sub-bands.
Proposal 2: Support Random Access resource selection procedure where multiple preambles corresponding to different ROs across different 20MHz sub-bands can be selected for potential Msg1 transmission opportunities.
Proposal 3: At least for initial access from IDLE/INACTIVE mode, after the UE has selected one sub-band for transmission of Msg1, the RA cycle (Msg 1/2/3/4) is completed on the same sub-band.
2.1.2	Time domain resources with multiple beams
Rel-15 NR baseline supports multiple ROs per SSB in both frequency and time domains. Furthermore, an association period, starting from frame 0, for mapping SSBs to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according to Table 8.1-1 in [2] such that SSBs are mapped at least once to the ROs within the association period. Within an association period there are multiple full cycles for mapping SSBs to ROs. The standard allows up to 16 SSBs to be mapped to one RO. For instance, let’s assume that there are 32 actually transmitted SSBs, with a PRACH configuration that has 8 ROs within one PRACH configuration period (as an example). In this case,
ROs 0, 2, 4 and 6 are associated with SSB 0 to 15;
ROs 1, 3, 5 and 7 are associated with SSB 16 to 31.
This allows more ROs to be available in time domain for a single SSB to increase the preamble transmission opportunities, however, it will reduce the number of usable preambles per each SSB relative to the number of SSBs mapped on each RO. In the above example, one SSB has 64/16 = 4 preambles out from which also the possible CFRA and on-demand SI request preambles need to be reserved as well – when multiple UEs select the same beam, the probability of collision in preamble transmission increases.
Regardless of the NW configured SSB to RO mapping configuration, allowing UE to select multiple beams for possible preamble transmission will allow both more time domain ROs (when SSBs are not grouped to one RO) as well as bigger collision domain (when SSBs are grouped to share a RO). In the former case the UE could select multiple preambles corresponding to multiple beams and transmit in the first RO the corresponding preamble where the LBT succeeds. In the latter case where the same RO is shared among multiple beams, the UE could select randomly the preamble over the beams that are above the selection threshold similarly to Rel-15. Since the LBT is not directional (ie., performed in ‘omni’ mode), such option becomes attractive and enables more transmission opportunities of Msg1 similarly to frequency domain option.
Proposal 4: Support Random Access resource selection procedure where multiple beams and corresponding preambles can be selected for possible Msg1 transmission opportunities.
2.2	Msg2/RAR transmission
In the TR 38.889 produced during the study item phase, the following was listed:
For msg 2 transmission in the 4-step RACH procedure, in some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to improve robustness to DL LBT failure for RAR transmission.
Increasing the ra-ResponseWindow will allow NW to attempt possibly longer the LBT for RAR transmission not to waste the possibly many successful preamble transmissions by the UEs to be responded. However, such increase of the window does not come without a cost: it should be noted that the RA-RNTI calculation formula was agreed to provide unique values only within a span of one radio frame, ie., 10ms:
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).


 
Furthermore, it is noted that the current formula and the specified PRACH configuration already reserves maximum of ~18000 RNTI values just within 10ms timeframe. If ra-ResponseWindow is increased to 20ms and applied directly to the formula, that would already mean over half of the RNTI space allocated just for the use of RA-RNTIs (RNTI space is 64 000). On the other hand, the space required for TC-RNTIs will also increase when multiple opportunities for Msg3 transmissions are sought for (due to the increased time a single TC-RNTI remains allocated). Furthermore, already in Rel-15 there were discussions to increase the RA-RNTI space even further due to possible more frequency domain ROs than the maximum 8 being able to be configured with CFRA ROs.
Hence, it seems desirable not to increase the number of RNTIs needed solely for the RA-RNTI purpose even when ra-ResponseWindow is increased to provide NW more opportunities in time domain to send RAR to UEs. Options how to achieve this should be studied.
Proposal 5: Support increased ra-ResponseWindow size such that the required RA-RNTI space is not increased. Options how to achieve this shall be studied.
2.3	Msg3 transmission
[bookmark: _GoBack]Msg3 transmission is scheduled by the UL grant conveyed inside RAR/Msg2 by the NW whereas Msg3 re-transmissions are scheduled by PDCCH. As concluded during the study item, the additional Tx opportunities should also be applicable to Msg3, however, it seems more for RAN1 to design the details how to achieve this in the provided RAR UL grant. It is noted, however, that the RAR MAC PDU format is not easily extendable unless a new format is introduced for the use of NR-U capable UEs and used only in cells operating in unlicensed bands. Hence, the possible enhancements to support more Tx opportunities for Msg3 transmission should consider the limits exposed by the current RAR MAC PDU format, e.g., by utilizing multiple actual RAR messages.
Observation 2: The possible enhancements to support more Tx opportunities for Msg3 transmission should consider the limits exposed by the current RAR MAC PDU format which is not easily extendable.
If the UE fails in transmitting in all the Msg3 transmission opportunities provided by the NW, it seems beneficial to start over the RA procedure as the NW will not know if the missed transmissions were due to LBT or due to missed RAR reception (e.g., due to blockage of the beam indicated). It seems unnecessary waste of resources to start sending re-transmission grants for the UE blindly without knowing if even the first grant was received in the first place. On the other hand, whenever there was a successful initial Msg3 transmission, the UE can assume NW to schedule re-transmission normally as currently.
Proposal 6: If the UE fails in transmitting in all the initial Msg3 transmission opportunities, it starts the RA resource selection procedure again (ie., performs similar actions as when contention resolution timer expires).
2.4	Msg4/Contention resolution
In the TR 38.889, the following was listed:
It is assumed that ra-ContentionResolutionTimer may need to be extended with larger values to overcome the LBT impact.
Msg4 transmission is addressed to TC-RNTI for IDLE/INACTIVE mode UEs or to C-RNTI for CONNECTED mode UEs. ra-ContentionResolutionTimer length is maximum of 64 subframes which gives 64ms time for sending the Msg4 by the NW. Considering first the CONNECTED mode UE who indicates C-RNTI MAC CE in the Msg3, the 64ms seems to give quite sufficient time for the NW to send a DCI addressed to C-RNTI – especially, as the NW does not need to decode any RRC message before responding. 
On the other hand, considering the IDLE/INACTIVE mode UE who decodes TC-RNTI acquired from the RAR during the ra-ContentionResolutionTimer run, the NW has two options: either the MAC entity in the NW side waits for the RRC message from upper layers to be sent to the UE along with the contention resolution message, or the NW resolves the contention by indicating the contention resolution ID to the UE in which case the TC-RNTI is promoted as C-RNTI and NW has time until RRC level timers expire to send the subsequent RRC message. Combination of these may also be applied, ie., NW attempts to send contention resolution message to the UE without RRC message, however, if that fails due to LBT failures until the RRC message has been received from the upper layers, the NW may comprise a contention resolution message with RRC message multiplexed.
It seems unlikely ra-ResponseWindow length would be extended beyond 64ms, hence, it seems not motivated to extend either the ra-ContentionResolutionTimer length from the current maximum of 64ms.
Proposal 7: ra-ContentionResolutionTimer length does not need to be extended beyond 64ms.
3	Conclusions
This contribution discussed the different RA messages and how/if to provide more transmission opportunities in each of those and what should be considered. The following was observed and proposed:
Observation 1: Allowing multiple PRACH resources in frequency domain across multiple 20MHz LBT sub-bands will increase the possibility for successful preamble transmission due to independent LBT procedures.
Proposal 1: Support configuration of multiple PRACH resources in frequency domain spread across multiple 20MHz sub-bands.
Proposal 2: Support Random Access resource selection procedure where multiple preambles corresponding to different ROs across different 20MHz sub-bands can be selected for potential Msg1 transmission opportunities.
Proposal 3: At least for initial access from IDLE/INACTIVE mode, after the UE has selected one sub-band for transmission of Msg1, the RA cycle (Msg 1/2/3/4) is completed on the same sub-band.
Proposal 4: Support Random Access resource selection procedure where multiple beams and corresponding preambles can be selected for possible Msg1 transmission opportunities.
Proposal 5: Support increased ra-ResponseWindow size such that the required RA-RNTI space is not increased. Options how to achieve this shall be studied.
Observation 2: The possible enhancements to support more Tx opportunities for Msg3 transmission should consider the limits exposed by the current RAR MAC PDU format which is not easily extendable.
Proposal 6: If the UE fails in transmitting in all the initial Msg3 transmission opportunities, it starts the RA resource selection procedure again (ie., performs similar actions as when contention resolution timer expires).
Proposal 7: ra-ContentionResolutionTimer length does not need to be extended beyond 64ms.
References
1. R1-1901347, Feature lead summary #1 of Enhancements to initial access procedure, Charter Communications
1. 3GPP TS 38.213, Physical layer procedures for control






image1.png




image2.svg
  


image3.png




image4.svg
  


image5.png




image6.png




