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1 Introduction
Some agreements were made in RAN1#86bis meeting that:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or multiple occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE

· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources

· FFS: Tx beam selection for RACH preamble transmission
In this contribution, we discuss the random access preamble structures to support the cases with/without gNB reciprocity and study the association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources.
Moreover we consider the possibility of RACH preamble non-continuous transmission.
2 Discussion
2.1 Random access preamble structures in the cases with/without gNB reciprocity 
In case of gNB without Tx/Rx reciprocity, gNB should support the gNB Rx beam sweeping to find the best uplink receiving beam. But in case of gNB with Tx/Rx reciprocity, the gNB Rx beam sweeping is not necessary. The different needs may cause different preamble structure designs. Based on the two different cases, we can consider having two alternative preamble structures for the gNB to choose.
gNB without Reciprocity:
When the gNB can’t guarantee the channel reciprocity, the repeated multiple same preambles are needed to support the gNB Rx beam sweeping. If the repeated short preambles are the same, when they are transmitted successively, the CP of preambles can be removed if the previous preamble can be the natural CP of the next preamble (except the first preamble). If the UE switches the Tx beam between preambles, the CP can’t be removed and should be kept before the first preamble of the switched beam.
To correspond to the terminology used for the DL in the last meeting agreement, we define the term of RACH block. One RACH block is the duration time of the same UE Tx beam. It means that gNB can switch the receiving beams many times in on RACH block time if gNB can’t guarantee the channel reciprocity. The RACH block definition correspond to the definition of DL SS block, one DL SS block may map to one UE Tx beam or multiple the same Tx beam. Multiple RACH blocks compose an RACH burst.

The RACH preambles should also meet the requirements of extended coverage, so some design principle just like LTE can be reused in NR design. The combination of successive preambles can ensure the large coverage in network deployment. It means the repetition of short preambles can be helpful to either the gNB Rx beam sweeping or coverage enhancement.

The variable CP length of preamble in RACH block can distinguish the different design targets. If the CP length keeps almost the same with basic short preamble CP length, the different repetition number can implicitly indicate the UE that the numbers of gNB Rx beam. If the CP length stretches equal proportion with the total preambles combination, the preamble structure is for coverage enhancement.
We can summarize and derive some typical examples of formats of preamble structures as below in figure 1. 
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Figure 1
The different formats represent the different number of repeated preambles or different CP lengths. Format index is from 0 to n. When format index is 0, it means no repetition of preamble for single beam operation. When format index is not 0, it means preamble will repeat, for example repetition factor is 2, 4 in Figure 1. The repetition preambles in one format only have one CP before the first preamble. Multiple preambles are either for gNB sweeping Rx beams, or targeting to enlarge the uplink coverage. For example, Format 1 and Format 2 are for gNB Rx beam sweeping, and Format 1a and Format 2a are for coverage enhancement. The process of how to sweep gNB Rx beam is transparent to UE. The length of RACH block can be different depending on the format choice.
For UEs without Rx/Tx reciprocity that need to perform UE Tx beam sweeping of preambles, UE Tx beam can be switched between RACH burst when the gNB beam sweeping is finished.
The association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources should be studied following the agreement in 86bis meeting. Synchronization signal can be a candidate of the broadcast channel/signal as synchronization signal represents the initial access beam and the downlink beam may be used for the RACH Msg2/4 transmission. RRM measurement for idle and connected UEs is discussed in more detail in [1][2].
Figure 2 is an example which shows the association between SS block and RACH group [3]:
In figure 2, we assume gNB without reciprocity has two Rx beam. So there are at least 2 repeated preambles for Rx beam sweeping. There are four UEs trying to access the network and their RACH groups can be time/frequency/preamble domain multiplexed. The relation between SS block and RACH group can be defined as a relative time/frequency offset and a set of RACH preambles. UE1 and UE3 detect the SS1 as the best downlink signal, and UE2 and UE4 detect the SS2 as the best downlink signal. In figure 2, 4 UEs are frequency multiplexed. When the RACH load would be quite small, UEs can also share the same time/frequency resource but distinguished by using different preambles.
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Figure 2
The relation between SS block and RACH group, which can be defined as relative time/frequency offset and a set of RACH preambles, can help gNB obtain the best DL Tx beam even if the gNB does not support Tx/Rx reciprocity, which means that the gNB needs to perform time-domain beam sweeping also when receiving preambles. Without Tx/Rx reciprocity means that regardless of which SS block (DL Tx beam) that had the best measurement result, the SS block needs to be associated with the same time domain intervals, during which the gNB performs UL beam sweeping. Therefore, the time domain only can’t be used to indicate the best measurement result, i.e. the best DL Tx beam. Instead, disjoint RACH groups are created by using the frequency and/or the preamble domain. By using the frequency domain or preamble domain, the best measurement result can be fully indicated through the detected preamble. So the association between the RACH group for one certain preamble format and SS block is unambiguous and the best DL Tx beam can be easily derived by the detection of RACH group.
gNB with Reciprocity:
When gNB has good channel reciprocity, it means that gNB doesn’t need Rx beam sweeping corresponding to one UE Tx beam and preamble doesn’t need to be repeated, except the preamble repetition for coverage enhancement. If the RACH burst can contain multiple successive RACH blocks, then UE can switch the Tx beam or the next RACH block can be switch to other UE. To protect the ISI between different Tx beams or different UEs, each RACH block should keep its own CP. And also the GT should be left at the end of RACH block to avoid interference to the next potential data. There is no redundant GT in the RACH burst except the end of RACH burst.
Figure 3 is a typical example format of preamble. UEs are multiplexed successively in time domain, CP can protect the ISI. This does not exclude the possibility that short preambles can be repeated in one RACH block for coverage enhancement.
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We think RACH blocks successive multiplexing in figure 3 can reduce the transmitting overhead by omitting the GP. 
If the association between one or multiple occasions for DL broadcast channel/signal and RACH group is indicated by broadcast signaling, the overhead of the association indication signaling between DL broadcast channel/signal and RACH group can be reduced. In figure 3, gNB can only indicate the starting point of the available RACH groups and UE can implicitly get the relative location to the starting of the available groups based on the time index of the best received SS block. 
Proposal 1: 
· Two kinds of preamble structure based on reciprocity should be considered.

· CP of the repeated preambles in case of gNB without reciprocity can be omitted.
· CP of the repeated preambles in case of gNB with reciprocity should be kept.
· GT between the repeated preambles in case of gNB with reciprocity can be omitted.
Proposal 2: 
· The relation between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources can be defined as relative timing offset or frequency offset.

2.2 Non-continuous RACH transmission
In the previous chapter, we considered the continuous transmission of RACH blocks. However, it may be beneficial to support non-continuous RACH transmissions.

Some typical cases which may need non-continuous RACH transmission:

-Preamble length exceeds the RACH burst especially in coverage enhancement scenario;
-For TDD mode, there are not enough continuous uplink symbols for one RACH burst;
-RACH burst is very long which can cause less transmission opportunities for latency sensitive services.
For example, if the slot in TDD mode has only 1~2 uplink symbols, but RACH burst occupies at least 4 symbols, the RACH burst could be divided to two sub RACH bursts and transmit discontinuously. 

The discontinuous transmission may be a common situation when the TDD mode is considered as an important mode in NR. We can see the length of SS block and RACH burst are unequal and not comparable in a certain period. The duration of PSS in LTE is one OFDM symbol per 5ms, but the length of RACH preamble including CP and GT is at least 1ms. This may be the same case in NR too.
The RACH non-continuous transmission should be supported in either case of gNB reciprocity.
Figure 4 shows the non-continuous transmission transformed from figure 2. The repeated short preambles per UE are divided. As the protection of the previous preamble doesn’t exist, the separated preamble should have its own CP. GT should also be added to protect the following normal data.
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Proposal 3:
· Non-continuous RACH transmission should be supported.
3 Conclusions
In this contribution, the random access preamble structures to support the cases gNB with/without reciprocity and the association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources are studied.
Moreover the necessity of non-continuous RACH transmission is analyzed.

3 proposals based on the analysis are listed as below:

Proposal 1: 
· Two kinds of preamble structure based on reciprocity should be considered.

· CP of the repeated preambles in case of gNB without reciprocity can be omitted.

· CP of the repeated preambles in case of gNB with reciprocity should be kept.

· GT between the repeated preambles in case of gNB with reciprocity can be omitted.
Proposal 2: 
· The relation between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources can be defined as relative timing offset or frequency offset.
Proposal 3:
· Non-continuous RACH transmission should be supported.
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