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Introduction
From RAN1 ad hoc [1] and RAN1 #88 meetings, 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 
Agreements:
· For contention-free random access, the following options are under evaluation
· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window
· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1
· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices
· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window
Agreements:
· Following is baseline UE behavior 
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises
Agreements:
· For PUSCH (re)transmissions corresponding to a RAR grant, study following alternatives
· Alt.1: The UL waveform(s) is fixed in the specifications
· Note that UL waveform is either DFT-S-OFDM or CP-OFDM
· Alt.2: The NW informs a UE whether to use DFT-S-OFDM or CP-OFDM
· FFS signaling method
· Other alternatives are not precluded
This contribution considers aspects of NR 4-step random access procedure for multi-beam operations. Particularly, the need of multiple RACH transmission occasions at least for contention free case is analyzed and related pros and cons are discussed. 
Discussions
RACH Tx occasion configuration
During last meeting, three options are proposed to be the RACH Tx occasion configuration for contention free case, According to the latest agreement on RACH configuration, there will be two kinds of options available:
· Option 1: allow ONLY one Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 1. 

 Fig. 1 only one Msg. 1 transmission before RAR window
· Option 2: allow multiple simultaneous Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 2. Note that a UE could only transmit multiple Msg. 1 in these RACH transmission occasions which are configured in frequency domain.

 Fig. 2 two simultaneous Msg. 1 transmissions before RAR window
· Option 3: allow multiple Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 3. Note that some RACH transmission occasions could be configured in time domain.


Fig. 3 two Msg. 1 transmissions before RAR window
For contention free scenario, e.g., handover case, a UE will receive the RACH resource (Tx occasion) configuration via the serving cell signaling. In LTE, a UE can be configured with multiple RACH resources but only select one of them to transmit one Msg. 1 [4]. In order to avoid contention with other UEs and reduce the access delay as much as possible, the UE will be assigned with a dedicated preamble. Therefore, similar philosophy could be applied in NR design. 
In addition to the available preamble and PRACH resource, the UE capability on beam correspondence is also taken into account. For UEs with/without beam correspondence, the discussion of pros and cons of the above three options are given below.
If following the LTE configuration, several RACH Tx occasions are available before the RAR window:
· For option 1, all the UEs have to just select one of the Tx occasion to transmit Msg. 1. If the UE holds the beam correspondence, this may be fine as during the downlink measurement, it may already find the best DL Rx beam thus also find the preferred UL Tx beam to transmit Msg. 1. On the other hand, for the UE without beam correspondence, the preferred UL Tx beam to be used for the target cell might be unknown yet, e.g., it has three UL Tx beam and for the Msg. 1 transmission, it has to determine the UL Tx beam by random selection. In this case, this UE might need to conduct several RACH re-attempts until finally get accessed to new cell, for which case the access delay could be not acceptable for handover scenario.
Observation 1: Option 1 is only beneficial to UE with beam correspondence and may significantly increase the access delay for UE without beam correspondence.
· For option 2, the UE could send multiple Msg. 1 but restrained in the same time before receiving the RAR. Due the property of the analog beamforming, the UE could maybe only generate beam for one direction at one time unless it has multiple panels. Thus, the issue raised in the above is still there that a UE without beam correspondence needs to try several RACH attempt and the access delay might be still unacceptable. For another setting that UE uses the same RACH resource but with different preambles, it seems not appropriate to do so as the UE will be assigned with the dedicated preamble in the handover case in which the contention is avoided. Besides, multiple antenna panels are still needed to transmit in different direction. The benefit of assigning more than one preamble to the UE is not clear.
· For option 3, the UE could select multiple RACH Tx occasions for multiple Msg. 1 transmissions. To the UE without beam correspondence, it could take the advantage to transmit Msg. 1 via different UL Tx beams and access the new cell with less delay, because for option 1, the UE doesn’t know whether the random access failure is due to wrong direction or insufficient power, so it might try all the direction before power ramping, or it could hold the same direction but keeps power ramping up. No matter how, the UE may face the risk to take a long time until successfully access. Thus, the multiple RACH Tx occasions could allow a UE to try with the direction first. Note that this doesn’t imply the RACH Tx occasion configuration should be based on the number UE UL Tx beam. For example, it could happen that one UE has 8 UL Tx beams but the available RACH Tx occasions are less than 8 due to the resource limit. The idea of allowing multiple Msg. 1 transmissions via multiple RACH Tx occasions in time domain is to generally reduce the access delay. On the other side, for the UE with beam correspondence, it could just select one of the RACH Tx occasion as in the option 1. 
Observation 2: option 3 could be beneficial to both UEs with/without beam correspondence.
Consider in the practical scenarios, UEs with and without beam correspondence both exist. The design of random access procedure for contention free case targets to allow the UE to access the new cell as soon as possible. Moreover, the RACH procedure design for multi-beam operation should not significantly sacrifice any types of UE. Thus, option 3 should be supported at least for random access in contention free scenario. 
Proposal 1: Option 3 should be supported at least for random access in contention free scenario.
[bookmark: OLE_LINK1]Indication of UE capability
As the common understanding that the Tx/Rx beam correspondence is one kind of UE capability and both UE with and without beam correspondence are exist in practical scenario, it will be helpful for the gNB have such information to prepare for the operations like e.g., separate mechanisms/configurations for two different types of UEs in beam management related process. The reporting of such capability could happen by using random access procedure, e.g., in the Msg. 1 transmission or Msg. 3 transmission. 
For the method of using Msg. 1 transmission to indicate the UE capability, the gNB could let the UEs report their capabilities implicitly by configuring separate resources for UE with/without beam correspondence. This method might require gNB to configure more resource for random access, in which the resource could be:
· Alt 1: RACH resource, as one example illustrated in Fig. 4;


Fig. 4 separate RACH resources for UE with/without Tx/Rx beam correspondence
· Alt 2: preamble sequences, as one example illustrated in Fig. 5, M and P are the numbers 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. 5 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 has Tx/Rx beam correspondence or not. 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.
For the method of indication by Msg. 3 transmission, it would be simple to just add one bit signaling in the content of Msg. 3, e.g., 0 denotes UE has no beam correspondence and 1 denotes UE has beam correspondence. One possible configuration for Msg. 1 transmission is that, UEs with and without beam correspondence are sharing the resources for random access. UE without beam correspondence could transmit Msg. 1 with multiple Tx beams while the UE with beam correspondence could just transmit with the determined UL Tx beam. By this setting, the UE capability on beam correspondence could be transparent to gNB during Msg. 1 transmission. Above all, it can be shown that the reporting UE capability by RACH procedure is feasible.
Discussion on RAR 
In RAN1#88, it was agreed that single RAR reception from a UE perspective will be the baseline for UE behavior in NR, i.e., the NR UE assumes only one RAR inside the RAR window and stops RAR reception after reading an RAR that is addressed to the preamble used by the UE in Msg1. In NR, previous discussion showed that the NR RACH performance may be improved by considering multiple RAR reception from a UE perspective under certain scenarios, e.g., in [3]. In this document, the discussions are related to the relevance of the scenarios and the resource overhead involved in the support of multiple RAR procedure in NR are given. 
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. 6. In this case, both the preambles are detected. However, the gNB cannot identify whether these two preambles are from one UE or from two different UEs. One option is that the gNB just sends one RAR, thus one of the UEs may fail. Another option is that the gNB could 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. Hence, multiple RAR support can be beneficial in resolving collisions under such settings in NR. 


Fig. 6 preamble collision within same RACH resource with different Tx beam.

Relevance of the setting
A TRP or gNB always wants to provide more angular coverage and also has higher Tx power at its disposal. Hence, it can use a wide beam with higher power to cover a wider angular coverage and to increase the distance-based coverage using higher power levels. Hence, in such cases, several UE’s may fall within the same Tx beam which they find during the SS periods. On the other hand, since the UEs are limited by Tx power, the gNB/TRP can aid them during Msg1 transmission by using narrow beams with higher gain. Hence in such cases, the TRP Tx beam is wider than the TRP Rx beam. The number of TRP Rx beams inside a wide TRP Tx beam depends on the deployment setting. For instance, each TRP Rx beam may or may not have any coverage overlaps. If there is a coverage overlap, then even when there is only one UE, the Msg1 from this UE may be heard on multiple TRP Rx beams. When there is no angular coverage overlaps between different TRP Rx beams, then it is very likely that different UE’s within the same TRP Tx beam will find different optimal TRP Rx beams for their Msg1 transmissions. For example if there are 2 TRP Rx beams inside one wide TRP Tx beam and assuming uniformly distributed users inside this Tx beam coverage area (statistically speaking, when users are uniformly distributed in a given area, any sub-area within this wide area will also have uniform distribution of the users), there is 50% probability that 2 users will be in different TRP Rx beams. Hence, there is a high probability that scenarios such as the ones in Fig. 6 occur. In such cases, the RACH performance can be improved by providing additional mechanisms for resolving spatial collisions. Note that the exact distribution of the users inside each beam will definitely depend on the channel model and the network deployment. But such parameters may be known to the gNB/TRP a priori (based on some past history) and it can take a decision as to how probably such a setting is and can decide whether or not provide support for multiple RAR reception at the NR UE. 
UE behavior
In LTE, the UE may stop after reading the RAR with its preamble id [cf 36.321 Sec 5.1.4] and then sends  Msg3 corresponding to the first received RAR with its preamble id. This indicates that even in LTE, there is a possibility for the UE to listen to multiple RAR within the RAR window, but however it responds with Msg3 for the 1st RARWhen multiple RAR support is provided in NR, the following UE behaviors are possible
a) UE chooses the 1st RAR with its preamble id (LTE procedure i.e., (RAR corresponding to its PRACH transmission i.e. RAR whose PDCCH was masked with RA-RNTI corresponding to UE’s PRACH transmission and RAR includes Preamble ID of preamble used by UE for its PRACH transmission))
b) UE chooses a single RAR (amongst the multiple RAR which matches UEs PRACH transmission i.e. RA-RNTI in PDCCH and preamble ID in RAR) randomly
c) UE chooses all the RARs (all RARs which matches UEs PRACH transmission i.e. RA-RNTI in PDCCH and preamble ID in RAR) within a RAR window
It is clear that option (a) will not improve the NR RACH performance. If the Msg1 is due to different UEs, only 1 UE will succeed in the contention resolution. This may allow only one UE to save UE power consumption and reduce latency, while the other UEs in contention may result in more UE power consumption and increase latency due to PRACH retransmission. 
Under option (b), several cases can arise. For ease of exposition consider that 2 users as shown in Fig 6 experience such a scenario and that the gNB/TRP send 2 RARs and that the 1st RAR is intended for UE 1 and 2nd RAR is intended for UE 2. Then the following cases arise
(b1) both UEs choose the first RAR (UE1 succeeds)
(b2) UE1 chooses first RAR and UE1 chooses second RAR (Both UEs succeed)
(b3) UE1 chooses second RAR and UE2 chooses first RAR (Both UEs fail)
(b4) both UEs choose second RAR (UE2 succeeds)
Hence, in such randomly choosing RAR procedure, there is a higher probability that at least one UE succeeds in sending its Msg3 when compared to case (a) above. However, the other user will definitely have to re-transmit Msg1 at a higher power level and endure a higher RACH latency (in cases b1, b3 and b4). 
Under option (c), both UE’s will send Msg3 corresponding to both the RAR. Since the optimal Rx beams for each UE is different, only one UE will succeed on sending Msg3 on each TRP Rx beam and both users will succeed simultaneously in sending their Msg3’s. In such a setting, although the power consumed at this current instant is higher for each UE due to sending multiple Msg3, each of these UE’s can avoid sending Msg1 at higher power and also reduce the RACH latency. Hence, when compared to options (a) and (b), there is higher probability that both users will succeed in sending Msg3 and also improve the RACH latency. 
Hence, each procedure has its pros and cons. The gNB/TRP may also indicate either implicitly or explicitly whether a single RAR or multiple RAR is supported to enable the UE decision. 
Proposal 2: The gNB/TRP can configure which RAR procedure to support among options a, b and c depending on the network deployment setting. Hence a gNB configurable RAR procedure should be allowed for NR design. 
Resource overhead
Consider the case where there are N beams in the TRP/gNB. Since only one UE per preamble per Rx beam can be detected (collisions within the same Rx beam cannot be resolved), the gNB can send on RAR per preamble detected on each beam. Therefore N RAR’s could be sent in the worst case per preamble id and can be configured by the gNB/TRP. 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. An 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. Furthermore, when such a procedure succeeds, it can avoid the RACH reattempt by several users which needs higher power from the NR UE’s and thereby increases interference in the ensuing Msg1. Hence, providing support for multiple RAR seems beneficial from a network performance perspective.
Other settings
Apart from the multiple-beam case illustrated above, there are other cases identified where multiple RARs should be supported by the gNB at least from one UE perspective. Some of the settings are 
(i) Multiple TRP setting with non-ideal backhaul
(ii) Multiple simultaneous RACH Tx occasions, at least in frequency domain
In all these settings, the gNB/TRP may respond with multiple RARs from a single 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. Similarly, in the multiple TRP setting with non-ideal backhaul, each TRP may send RAR individually. A NR UE may either be indicated to select one among options a, b or c described above in Section 2.3 and the associated procedures/ resource allocation may be performed by the gNB/TRPs. 
Aspects related to Msg. 3
After finding the matched preamble ID in the RAR, the UE will proceed to transmit the Msg. 3 by using the UL grant contained in RAR. Here come two problems, the first is which waveform should the UE apply for Msg. 3 and the other is the transmitting time for Msg. 3.
Waveform
According to the agreement in previous waveform discussion, NR will support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz, and the DFT-S-OFDM based waveform is targeting to link budget limited cases, e.g., cell-edge UEs. That’s to say, some link budget limited UE could consider using DFT-s-OFDM as its waveform and most likely, the specific preamble format design will be also considered for link budget limited cases, like what LTE did, it has the special preamble format design to take care the need for coverage enhancement. This idea could also apply for NR design as well. Some preamble format will be designed to take care of the link budget limited cases, denoted as preamble format X. The waveform settings could be pre-defined in the specification, e.g., For Preamble format 0 ~（X-1）, UE should apply the CP-OFDM for the Msg. 3 transmission and for Preamble format X, UE should apply the DFT-s-OFDM for the Msg. 3 transmission. For simplicity, this configuration could be fixed in the specification and without any additional signaling. 
Proposal 3: NR fixes the UL waveform(s) for the PUSCH (re)transmissions corresponding to a RAR grant.
Timing
Another issue is to determine the transmission timing for Msg. 3. In LTE, the UE will try to find the first available UL sub-frame at least in 6 sub-frames after the detection of RAR. This timing relation is fixed in the spec and there is one-bit parameter named UL delay in the 20-bit UL grant intending to offer some load balance effect to the resource allocation. However, due to the introduction of beamforming in the NR design, the timing relation of detected RAR and Msg. 3 transmission should consider the reception of Msg. 3, i.e., gNB will have the specific preferred/selected UL Rx beam for each UE where such UL Rx beam could be determined during detection of Msg. 1. For the convenience of using analog beamforming, it’s better to allocate these UEs with the same UL Rx beam in the same time opportunity. For the case of gNB has no beam correspondence, it will require the UE to transmit the preamble(s) using the repeated format. As one example shown in Fig. 7, four UEs select the same DL Tx beam associated RACH resource to transmit the Msg. 1, and it’s possible that gNB might detect them with different UL Rx beams. For the sake of better receiving the Msg. 3 using analog beamforming, gNB could allocate UE1 and UE3 in the same subframe and UE2 and UE4 in another subframe. 

 Fig. 7 configure timing by considering UL Rx beam preference

One simple solution is that, NR could still configure a UE common timing relation to indicate the timing of Msg. 3 transmission, for example, preconfigured in the spec or indicating in the SIB, UE should find the available UL sub-frame for Msg. 3 transmission in 6 sub-frames after the detection of RAR. Then by further extending the usage of UL delay to indicate the UE specific adjustment, the network could separate the UEs preferring different UL Rx beam into different timing (sub-frames). For example, extending the UL delay field into 3 bits, then the gNB could indicates 8 different levels of delay; gNB could configure the UL delay value based on the selection of UL Rx beam and/or the need of load balance. Given the example of Fig. 7, gNB could configure the UL delay for UE1 and UE3 to be 000 (denote 0 subframe delay, then UE1 and UE3 find the first available UL subframe in 6 subframe after the detected RAR), and configure the UL delay for UE2 and UE4 to be 001 (denote 1 subframe delay, then UE2 and UE4 find the first available UL subframe in 6 subframe after the detected RAR, and delay one more subframe to transmit the Msg. 3). Thus, by the combination of UE common indication and UE specific adjustment, the determination of Msg. 3 transmission timing could be done.
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 3: 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.
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 4: 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 5: 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. 
Above UL beam management procedures depends on Beam correspondence at TRP and/or UE. Based on the capability of beam correspondence at TRP and UE, TRP determines whether UL beam management is activated or not. As mentioned above, TRP already knows its TRP beam correspondence capability and the capability of UE can be known during initial RACH procedure or PUSCH after connecting to TRP. If UL beam management have to be considered to UE, TRP should inform which UL beam procedure is needed. For initial access procedure, RACH transmissions opportunities are configured by broad cast channel to all the UEs in a cell, UE who needs UL beam measurement procedure can’t perform proper UL beam management procedure among {U-1, U-2, U-3}. For the sake of measuring UL beam pair through RACH, UE-specific parameters should be supported, such as dedicated preamble ID, time and frequency resource for RACH preamble transmission, indicator to trigger among U-1, U-2, and U-3, etc 
Proposal 6: For UL beam measurement via RACH, UE-specific RACH configuration should be considered.
Conclusion
In this contribution, considerations on NR 4-step RACH are presented. In particular, the following are proposed:
Proposal 1: Option 3 should be supported at least for random access in contention free scenario.
Proposal 2: The gNB/TRP can configure which RAR procedure to support among options a, b and c depending on the network deployment setting. Hence a gNB configurable RAR procedure should be allowed for NR design. 
Proposal 3: NR fixes the UL waveform(s) for the PUSCH (re)transmissions corresponding to a RAR grant. 
Proposal 4: Further study on how to improve the efficiency of the contention-based RACH procedure for RRC_CONNECTED synchronized UEs is needed.
Proposal 5: 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 6: For UL beam measurement via RACH, UE-specific RACH configuration should be considered.
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