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1 Introduction
During RAN1 #86bis meeting, regarding how to report DL Tx beam to gNB, when Tx/Rx reciprocity is not available, following agreements have been reached:


Also during RAN1# 88 meeting, regarding associations between SS blocks and RACH preambles/resource, following agreements have been reached:

In this contribution, we analysis and propose that associations between SS blocks and both of RACH preambles and occasion resources should be considered. In addition, we propose a RACH resource partitioning/pooling mechanism for the NR.
2 Discussion

2.1 Background

In NR, beamforming may be applied at gNB Tx. Therefore, at a time, DL information including system broadcast information could be only conveyed to a subset of UEs. AS per RAN1 agreement, One SS block composes of PSS, SSS and PBCH [1]. Before the start of the RACH process, UE is required to detect and receive system broadcast information transmitted from all DL beams, i.e., SS-blocks, and measure the signal level of them. In RACH process, when Tx/Rx reciprocity is not available at the gNB, the gNB may require the UE to inform it of the detected best DL beam as the reference information for choosing one of the DL beams for subsequent Msg.2 and Msg.4 transmission. However, indication of the SS block index to the gNB explicitly in the Msg.1 is not possible. Instead, letting the UE to use a subset of preambles or triggering the RACH process at designated RACH occasions where the subset of preambles or RACH occasions are SS-block specific becomes two possible solutions, as stated in the RAN1 #86bis agreements. 

2.2 Partitioning of preamble or RACH occasion for RACH process 

Depending on the gNB implementation, gNB might perform Rx beam sweeping during a RACH occasion. If gNB performs full Rx beam sweeping during a RACH occasion, the UEs under the coverage of any DL beam transmitting different SS-blocks could trigger the RACH process in the same occasion. However, if the gNB does not perform Rx beam sweeping during any RACH occasion, in other words, the Rx detecting RACH transmission is beamformed without change of the direction during any RACH occasion, the UEs under the coverage of different beams transmitting different SS-blocks could only trigger the RACH process in different RACH occasions. 

For the second case (gNB does not perform Rx beam sweeping), since one-to-one mapping between SS-block and RACH occasion holds and the knowledge could be utilized to inform the gNB of the preferred SS-block, all system configured RACH preambles could be used by the idle-state UEs under the coverage of any SS-block, similarly with the current LTE system. Therefore, this contribution is focused on the first case.

For the first case, suppose the number of RACH preambles is denoted as 
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 , and the number of all SS blocks is denoted as
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 . If associating different subsets of RACH preambles with different SS-blocks, the number of RACH preambles assigned for one SS-block could be 
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 . Although the number of SS blocks may vary and is not determined yet by RAN1, we could set 
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  as 8 temporarily. Given


is set as 64 (similar with the current LTE system), if no preambles pooling mechanism is applied, the number of RACH preambles could be used for each SS-block is 8. As could be found, the number of available RACH preambles for the coverage of each SS block is dramatically reduced, compared with current LTE system. In case there arises user connection request burst in the coverage of one or a few SS-blocks, for contention based RACH process, users may need to wait significantly longer time than current LTE before being able to connect with the network due to preamble transmission collision. 

Observation 1: associating different subsets of RACH preambles with different SS blocks may lead to terrible user experiences, when user connection requests burst in the coverage of one or some SS blocks. 

Also, noted that as the NR aims to accommodate more use scenarios, and therefore more users than the current LTE system, the number of the preambles should be increased.
Observation 2: it is necessary to increase the number of system configured RACH preambles for NR.

However, increasing the number of system configured RACH preambles needs to extend the length of preamble sequences. It will become an overwhelming heavy burden for NR if the preamble sequences are extended too much. As a result, in addition to the RACH preambles, we propose to associate a subset of RACH occasions to relieve the strict requirement of extending the length of preambles too much. In detail, either the group of RACH preambles or RACH occasions should be categorized into two classes: common and dedicated set. In a common/dedicated RACH occasion, the UEs under the coverage of all/one particular SS block(s) are allowed to trigger the RACH process. Similarly, the UEs under the coverage of all/one SS block(s) are allowed to use any RACH preamble from the common/one particular dedicated set. The detailed mechanism is shown in the figure below. The UE could only use a subset of SS-block associated (dedicated) RACH preambles to trigger the RACH process in common RACH occasions. But, in SS-block associated (dedicated) RACH occasions, besides the dedicated RACH preambles, UEs under any SS-block coverage are free to use the common RACH preambles to trigger the RACH process. In this way, preamble resource pooling gain could be introduced and benefit for users to reduce the probability of preamble transmission collision during RACH process.
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Figure 1: Mapping between dedicated/common preambles with common/dedicated RACH occasions.

Proposal 1: either the group of RACH preambles or RACH occasions is proposed to be categorized into two classes: common and dedicated set.

Proposal 2: propose the RAN2 to further consider the RACH resource partitioning/pooling mechanism as shown in the figure 2.

3. Conclusions

Observation 1: associating different subsets of RACH preambles with different SS blocks may lead to terrible user experiences, when user connection requests burst in the coverage of one or some SS blocks.

Observation 2: it is necessary to increase the number of system configured RACH preambles for NR.

Proposal 1: either the group of RACH preambles or RACH occasions is proposed to be categorized into two classes: common and dedicated set.

Proposal 2: propose the RAN2 to further consider the RACH resource partitioning/pooling mechanism as shown in the figure 1.
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Agreements (RAN1#86bis)


When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode


Whether or how to report DL Tx beam to gNB, e.g.,


RACH preamble/resource


Msg. 3








Agreements (RAN1#88bis):


Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signalling


-FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam
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