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Introduction
From RAN1 ad hoc meeting [1], the following agreements related to RACH procedure are draw:
Agreed Definition:
· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam 

Agreement:
For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises
Agreement:
For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· 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. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation

This contribution considers aspects of NR 4-step random access procedure for multi-beam operations. Particularly, the need of multiple RACH transmission occasions is analyzed and related pros and cons are discussed. 
Discussions
Random access procedure design for multi-beam operation
· RACH resource (occasion) configuration
According to the latest agreement on RACH configuration, there will be two kinds of options available:
· Option 1: allow ONLY one RACH transmission occasion before end of RAR reception window, as one example illustrated in Fig. 1. 

 Fig. 1 only one RACH transmission occasion (per DL Tx beam) before RAR window
· Option 2: allow multiple RACH transmission occasions before end of RAR reception window, as one example illustrated in Fig. 2. Note that different RACH transmission occasions could be configured in time domain and/or frequency domain.

 Fig. 2 two RACH transmission occasions (per DL Tx beam) before RAR window
If the gNB configures only one RACH transmission occasion before a RAR window, which indicates both UEs with and without Tx/Rx beam correspondence have to transmit the preamble(s) with only one UL Tx beam. Clearly, for UE with Tx/Rx beam correspondence; this is applicable as it could determine its UL Tx beam for Msg. 1 transmission based on the DL measurement. However, for those UEs without Tx/Rx beam correspondence, a random selection should be performed to decide which UL Tx beam is to use. In a long term view, those UE will need to try many times before getting accessed, which the performance is significantly sacrificed. Moreover, as the increase of Msg. 1re-attempt times, the interference level (collision probability) experienced by UE with Tx/Rx beam correspondence will be lifted as well. In sum, the configuration of only one RACH transmission occasion could have:
	
	UE with Tx/Rx beam correspondence
	UE without Tx/Rx beam correspondence

	Benefits
	Relatively small access latency
	Operation simplicity

	Drawbacks
	Relatively high interference level (collision probability)
	· Multiple RACH attempts with RAR detection for each attempt
· Relatively large access delay
· Relatively high interference level (collision probability)



On the other hand, if gNB configures multiple RACH transmission occasion before a RARwindow, which indicates UE without Tx/Rx beam correspondence could try different UL Tx beam and such operation could reduce the latency of being accessed. In the case of handover, the configuration of multiple RACH transmission occasions could be very preferable for these UEs who are without Tx/Rx beam correspondence but in the connected mode. Because such UEs  could switch to a new cell in an efficient way by trying different UL Tx beams before RAR window, then the handover latency could be reduced. For the UE with Tx/Rx beam correspondence, it could autonomously select one RACH occasion to transmit its Msg. 1. Note that this does not necessarily cause the access delay for the UE with Tx/Rx beam correspondence, as shown in Fig.1 and Fig. 2, if the gNB has enough resource, it could configure the multiple RACH transmission occasion still within same TTI duration as that in the case of configuring just one RACH occasion, due to the position (start time and end time) of RAR reception window is the same, the access latency is basically the same. In sum, the configuration of multiple RACH transmission occasion could have:
	
	UE with Tx/Rx beam correspondence
	UE without Tx/Rx beam correspondence

	Benefits
	· Diversity gain due to multiple RACH transmission occasion available
· Relatively small interference level
	· Able to try different UL Tx beams to obtain relatively low latency
· Relatively small interference level

	Drawbacks
	· Possibly increased access delay
· Relatively increased operation complexity
· Larger resource consumption.
	· Relatively increased operation complexity
· Larger resource consumption.



Generally, with the analysis of different RACH configurations for different cases in [2], it’s clear to see that the design of RACH procedure for each case has more or less some difference. However, in the practical scenarios, 
•	gNB has no information about UE’s beam correspondence. 
•	UEs with and without beam correspondence both exist.
The design of random access procedure targets to allow all UE access the network with fairness. Thus, though striving for commonalities, the RACH procedure design for multi-beam operation should not significantly sacrifice any types of UE.
Proposal 1: When striving for commonalities, the RACH procedure design should not significantly sacrifice any types of UE regarding the capability of Tx/Rx beam correspondence.
As the common understanding that the Tx/Rx beam correspondence is the capability of UE and both UE with and without such capability are exist in practical scenario, it is very important for the gNB have the flexibility to serve both types of UE without sacrificing either of them. The gNB could configure the number of RACH transmission occasions based its capability or measurement. For example, if based on the latest network load information, it shows that many served UE in this cell are without Tx/Rx beam correspondence, thus the configuration of multiple RACH occasion is a reasonable choice. Or if gNB has no enough time-frequency resource for random access, then the configuration of only one RACH occasion will be a natural decision. To sum it all, it would be beneficial for the gNB to have the flexibility to configure the number of RACH transmission occasions before a RAR window.
Proposal 2: NR supports configurable number of RACH transmission occasions before a RAR window.  
In order to optimize the performance of UE with/without Tx/Rx beam correspondence, the separate resources could be configured to serve both types of UE, in which the resource could be:
· Alt 1: RACH resource, as one example illustrated in Fig. 3;


Fig.3 separate RACH resources for UE with/without Tx/Rx beam correspondence
· Alt 2: preamble sequences, as one example illustrated in Fig. 4, M and P are the number of preambles assigned to the UE w/o Tx/Rx beam correspondence, and N is the number of overall available preambles. Note that M might be not equal to P;


Fig.4 separate RACH preamble (groups) for UE with/without Tx/Rx beam correspondence
By using Alt 1, the RACH resources for UE with/without Tx/Rx beam correspondence should be distinguished. Additional system information might be needed to inform the UE which RACH resource(s) is for UE with/without Tx/Rx beam correspondence. This option will require gNB to hold sufficient RACH resources and by the detection results in different RACH resources, gNB will obtain the information of whether the UE holds Tx/Rx beam correspondence or not. What’s more, the operation of two types’ UE could be separate as well, e.g., the separate RAR reception window for different type of UE. If the RACH resource is limited, gNB could also separate the UEs by dividing the preamble into groups as shown in Alt 2. The gNB could also distinguish the type of UE by the detected preamble. The partition could be based on the cover codes, e.g., the preambles multiplexing with different orthogonal cover codes, or just independent RACH sequences.
Proposal 3: NR supports separate resource configuration to serve UEs with/without beam correspondence.
· RACH re-attempt
In multi-beam RACH procedure, when one UE intends to do RACH re-attempt (a.k.a. Msg. 1 re-transmission in previous discussion), three alternatives of power ramping counter behavior when UE decides to change the beam are:
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.

	Alt 1
	(Beam A)
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam B)

	Alt 2
	(Beam A)
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam B)

	Alt 3
	(Beam A)
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam B)


Time of RA Procedure


From the perspective of beam switching, the main motivation for a UE to change the UL Tx beam is to try if other UL Tx direction is more accurate than the current one. Thus, if the UE selected a wrong UL Tx beam and still failed even power ramped up several times, the UE could switch to another UL Tx beam by resetting the power level or keeping it unchanged. Because it is possible that when the UL Tx direction is correct, using larger power is not necessary although the access successful rate will be larger. However, like in LTE, the power level could reflect the priority of the UE, e.g., if the UE has failed more times, it deserves to transmit with larger power. By letting these UEs access the network faster instead of repeating the RACH re-attempt over and over again, the interference level might be even lower. Similar things happen when UE decides to change the RACH resource during the RACH re-attempt, at least for the case that the changed RACH resource is still associated with the same DL broadcast channel/signal, the power level, i.e., the counter of power ramping, should be increased in order to give some priority to the UE who fails more before. But this will cause interference to the UEs who are already using that particular RACH resource. Thus, the pros and cons need carefully analyzed. 
Observation 1: If the counter of power ramping keeps increasing when UE changes its UL Tx beam or changes its RACH resource which is associated with the same DL broadcast channel/signal, the UE who fails more will be given the priority to transmit with larger power during RACH re-attempt.
Note that the UE could operate a new DL measurement during the RACH procedure, so the information like path loss could be updated. For example, previous transmit power is  and the UE conducts a new DL measurement, the calculated transmit power become, theincludes the latest DL measurement and one more  is due to the RACH re-attempt.
Discussion on RAR 
Generally, UE just needs to detect a RAR in the reception window then it could follow the indication to prepare Msg. 3 transmission. However, in the particular case, e.g., considering 2 UE determine the same DL Tx beam as the best one. But the UL Rx beams may be different as shown in Fig. 5. In this case, both the preambles are detected. However, the gNB has no idea whether these two preambles are from one UE or from two different UEs. One option is that the gNB just sends one RAR, thus another UE will fail. Another option is that the gNB will transmit two RARs. If UE only takes one RAR in the reception window, both UE1 and UE2 will take risk of detecting the wrong RAR. If UE has to detect all the possible RARs in the reception window, on one hand, it will increase power consumption for detection and will need to perform the multiple Msg. 3 transmissions (but note that one Msg3 from each UE will be successfully detected as they both have different DL Rx beams). On the other hand, it may also have the possibility to reduce the access latency by reducing the RACH re-transmission attempts, e.g., Msg. 3 from both UEs can be successfully decoded. However, the pros and cons of allowing multiple RARs should be further and comprehensively investigated. 


Fig. 5 preamble collision within same RACH resource with different Tx beam.
Consider the case where there are N beams in the TRP/gNB. Since only one UE per preamble per Rx beam can be detected, the gNB can send on RAR per preamble detected on each beam.  Therefore N RAR’s could be sent in the worst case pre preamble id. The overhead of this procedure in comparison with the reduction in latency of the RA procedure of the users in the system must be studied jointly. Furthermore, a UE need not be forced to read all RARs at every time instant. Some indication in the RAR’s can tell the UE if or not it should look for more RARs in the RAR window since the gNB is aware of the network load situation. The power consumption of the user can be saved in this manner. 
Apart from this case, there are other cases identified where multiple RARs should be supported by the gNB at least from one UE perspective. For example when multiple preambles are sent by the UE before a RAR window, the gNB can respond with multiple RARs. For each RAR, the gNB can configure orthogonal resources for Msg3. Such a mechanism can help fasten the RA procedure rather than requiring for sending RACH again at a higher power level, which causes increased interference levels. Although the overhead from the network may be higher to provide multiple RARs, the benefits of this feature must be studied in conjunction with the reduction in latency of the RACH procedure and the gains in the overall system performance. 
Proposal 4: the pros and cons of allowing multiple RAR reception within the configured RAR window should be further investigated
Once UE detects the RAR and reads the TA value and the scheduling of Msg. 3 transmission, UE needs to determine the UL Tx beam for the Msg. 3 transmission. Generally, UE could have two options:
· Option 1: reuse the Tx beam utilized for Msg. 1 transmission;
· Option 2: use the (implicit or explicit) indication from RAR, adjustment is allowed.
Option 1 is more suitable to configuration that only one Tx beam used before RAR, because in this case, as long as the UE received the RAR it can determine that which UL Tx beam is valid and could use it for the Msg. 3 transmission. On the other hand, if multiple UL Tx beams are utilized before RAR, then option 2 might be preferable. For example, even a UE used 2 different UL Tx beam to transmit the Msg. 1 but only one preamble (one Tx beam) is detected. Thus, via the RA-RNTI calculated based on the resource of the detected preamble, gNB “implicitly” indicates the UE which Tx beam to be used in the Msg. 3 transmission. In some other cases, if the Beam ID information of UE could be pre-defined and known/notified to gNB, gNB could explicitly tell the UE which UL Tx beam should be used by including the beam ID information in the RAR. With the knowledge of other DL reception and measurements, a UE could also make adjustment based on the indication of gNB.

Considerations on RACH for RRC-connected UEs
RAN1 has agreed that the NR should support RA procedure for both RRC_IDLE UEs and RRC_CONNECTED UEs. Also both contention-based and contention-free RA procedure should be supported. Similar to LTE, 
For the RRC_CONNECTED synchronized UEs, the 4-step contention-based RACH procedure is used in the same way as that of non-synchronized UEs. In LTE, the PRACH formats with long CP and symbol length as well as large overhead of guard band and guard time are both used for the non-synchronized UEs and the synchronized UEs.  
However, there may be a large number of UEs or devices (e.g., in machine-type communication, MTC) in NR dense scenarios, who are RRC_CONNECTED to the network, but the limited uplink PUCCH resources are not enough for sending request of uplink data transmission. Besides, there will be additional request of beam refinement or beam management. Therefore, it is more demanding for the NR UEs to improve the efficiency of contention-based RACH procedure. We may start from the following aspects 
· PRACH formats with less overhead for synchronized UEs
· Shorter CP length 
· Shorter symbol duration
· Less or no guardband
· PRACH resources consisting of multiple segments/symbols/codes
· Allow the UEs to choose partial resources, e.g., one or combinations of a segment/symbol/code to reduce the collision probability
Proposal 5: Further study on how to improve the efficiency of the contention-based RACH procedure for RRC_CONNECTED synchronized UEs is needed.
Contention-free RACH procedures are used in the case of handovers. In this case, the RACH procedure depends on the following factors -
a) UE mechanism used to perform measurements of neighboring cell i.e., single beam or multiple beams
b) Wide beam or narrow beam based measurements of the neighbor cell
c) Whether or not UE and target gNB has beam correspondence (the source gNB already knows about UE’s capability and hence needs to inform to the target gNB for improved RA procedures).
Depending on the factors above, the RACH procedure configurations can be changed to ensure a successful handover. While the baseline mechanism for performing RACH remains same as discussed in earlier sections, the number of RACH resources to be configured depends on the factors above. RAN1 is requested to consider all the above factors and the discussions regarding the neighbor cell measurements in RAN2 and mobility procedures in RAN1 before finalizing the RA procedure in such cases. 
Proposal 6: RAN1 is requested to consider the above factors and the discussions regarding mobility procedures in RAN1 and the neighbor cell measurements techniques in RAN2 before finalizing the RA procedure in such cases.
RAN1 agreed to study the UL beam management procedures, e.g., U-1, U-2, and U-3. Contention-free RACH procedures can be considered for UL beam measurement and it can be used in all three procedures:
· In U-1 procedure: MGS1 transmission can be used for beam measurement for the case that both UE and TRP have no beam correspondence. UE transmits multiple/repeated RACH preamble with dedicated ID with a fixed Tx beam and TRP sweeps its Rx beams across those RACH preamble transmissions. The UE can switch its Tx beam in next subframe on where multiple/repeated RACH preamble transmissions are configured. By this manner, TRP can select the best Tx/Rx beam pair for UL.
· In U-2 procedure: MSG1 transmission can be used for beam measurement in the case that TRP has no beam correspondence. UE transmits multiple/repeated RACH preamble with dedicated ID to cover Rx beams at TRP on Tx beam which is selected by DL SS/BCH/BRS measurement. TRP can select strong Rx beam. 
· In U-3 procedure: MSG1 transmissions can be used for beam measurement in the case that UE has no beam correspondence. UE transmits RACH preamble on one RACH occasion with the fixed Tx beam and switch its Tx beam on another configured RACH occasion. TRP can select strong UE Tx beam. 
For initial RACH procedure, RACH transmission opportunities are configured by broad cast channel to all the UEs in a cell. However, in order to measure UL beam pair through RACH, UE-specific parameters should be supported, such as dedicated preamble ID, subframe that RACH preamble are transmitted, information to trigger one of UL beam measurement procedures, etc. It is necessary to study whether or not to support UL beam measurement via RACH.
Proposal 7: For UL beam measurement, contention-free RACH procedure can be considered.

Conclusion
In this contribution, considerations on NR 4-step RACH are presented. In particular, the following are proposed:
Observation 1: If the counter of power ramping keeps increasing when UE changes its UL Tx beam or changes its RACH resource which is associated with the same DL broadcast channel/signal, the UE who fails more will be given the priority to transmit with larger power during RACH re-attempt .
[bookmark: _GoBack]Proposal 1: When striving for commonalities, the RACH procedure design should not significantly sacrifice any types of UE regarding the capability of Tx/Rx beam correspondence.
Proposal 2: NR supports configurable number of RACH transmission occasions before a RAR reception window.
Proposal 3: NR supports separate resource configuration to serve UEs with/without beam correspondence.
Proposal 4: the pros and cons of allowing multiple RAR reception within the configured RAR window should be further investigated.
Proposal 5: Further study on how to improve the efficiency of the contention-based RACH procedure for RRC_CONNECTED synchronized UEs is needed.
Proposal 6: RAN1 is requested to consider the above factors and the discussions regarding mobility procedures in RAN1 and the neighbor cell measurements techniques in RAN2 before finalizing the RA procedure in such cases.
Proposal 7: For UL beam measurement, contention-free RACH procedure can be considered.
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