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Introduction
In the RAN1 #89 meeting [1] and RAN1 NR adhoc #2 meeting [2], the following were agreed:

[bookmark: OLE_LINK3]Agreements:
· In NR, the RACH configuration provides at least:
· RACH time/freq. information 
· RACH preamble format

Agreements:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· i.e, RMSI information is common for all beams

Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).

This contribution discusses the RACH configuration for NR, including the contents provided in RACH configuration and the association between SS block and RACH.
This is a revision of “R1-1715920”.
RACH configuration for NR
Generally speaking, the essential part in RACH configuration should include:
a. Preamble format.
b. Time domain indicators for PRACH.
c. Frequency domain indicators for PRACH.
Among the above contents, the preamble format contains information on sub-carrier spacing of PRACH, repetition times of sequences in preamble, and length of sequences. According to above information, UE can obtain the bandwidth and time duration of PRACH for transmitting single MSG. 1. 
The time domain indicators determine the time domain location and density/period of PRACH. One potential way of time domain indicators includes sub-frame index of PRACH and density/period of PRACH. Another way is that list all the available sub-frame indexes of PRACH resources. 
The frequency domain indicators help UE to obtain the available locations of PRACH in frequency domain. Just indicate the number of available PRACH in frequency domain as well as the PRB index of first PRACH is enough for UE to obtain the frequency domain locations of PRACH resources.
For multi-beam operations, considering that there are associations between DL signals and PRACH resources. UE choose the PRACH resources for MSG. 1 transmission according to the measurement results of SS block, and gNB can determine the DL Tx beam for MSG. 2 according to the detected preamble, as shown in Fig. 1. 


Fig. 1. Association between SS block and RACH resource
The association rule can be indicated by explicit or implicit ways. For implicit way, the mapping relationship between SS block index and index of PRACH resource is predefined. According to the predefined mapping relationship, UE can obtain the PRACH resource based on the selected SS block. This implicit way works well for one-to-one mapping but may not flexible enough for many-to-one mapping. 
For explicit way, mapping relationship is included in RMSI or RACH configurations by using bit-map or other signaling. The explicit way is more flexible with higher overhead compared with implicit indications. Note that considering that there will be multiple PRACH resources since there are multiple DL signals, the time/frequency domain indexes in PRACH configuration can be the location for the first PRACH resource. 
Here is the basic procedure for UE to obtain the time/frequency resources of PRACH. 
UE obtains the suitable DL signals and its corresponding index. Then UE reads the RACH configuration in RMSI. Based on the implicit or explicit mapping relationship indication, UE obtains the PRACH resources index associated with the suitable DL signal. According to the RACH configuration, UE can get the time/frequency location for all the available PRACH resources. Then, combining the PRACH resources index and the time/frequency resources, UE gets the PRACH resource for MSG. 1 transmission.
Based on the above analysis, we have following observation:
Observation 1: For indication of association between SS block and PRACH resources, both explicit and implicit ways are feasible.

Detailed configuration discussion

Following LTE philosophy is still applicable in NR to complete the RACH configuration. That is to say:
A table of preamble format will be specified, in which the preamble sequence length, SCS, CP_length, repetition number or even supported restrict set will be included. Each preamble format index will be mapped to a group of the certain values of the mentioned attributes. 
A table of RACH configuration will be specified, in which the preamble format index, available PRACH occasion(s) in a given time duration (also known as density, e.g., subframe 1, 3, 5 is for RACH purpose in one radio frame), how often will these PRACH occasion(s) repeated (also known periodicity, e.g., these PRACH occasion(s) will be available for every radio frame, thus the periodicity is 20 ms). The frequency information of these PRACH occasion(s) could be separated indicated like LTE or added in the table as well, i.e., define the available PRACH occasion(s) in a given time duration and given frequency duration, define the periodicity in both time domain and frequency domain. In NR, as the preamble format could be symbol level, the time domain information should include the position information of which slot and the start symbol position within the slot. One example of the time domain indication could be as following. The PRACH configuration index 0 indicates using format A0, and in 1st ,3rd ,5th symbol in the 1st slot of the even SFN. 
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Slot (symbol) number

	0
	A0
	Even
	1(1,3,5)

	1
	A0
	Even
	1(7,9,11)

	…
	…
	…
	…



In such table, each RACH configuration index will be mapped to a group of the certain values of the mentioned attributes. For example, by being indicated one RACH configuration index, a UE will know where the available RACH occasions are. The unknown of SFN of a target cell during the handover cases may need to be considered when design the periodicity of RACH configuration. In current NR discussion for above 6Ghz, 3bits of the SS block index information will be included in the PBCH. That’s to say, a UE will be very likely to decode PBCH from target cell for handover to get the SS block index, in which the SFN information, related to the synchronization status between cells, may be naturally obtained by the UE. However in below 6Ghz, this may be still an issue as UE did not have the SFN information of target cell, thus if the periodicity of RACH resource is no less than 20 ms (2 radio frames), UE cannot locate the RACH resource due to the uncertainty of even or odd SFN. One simple solution is that to design the periodicity of RACH configuration to be e.g., 10ms, thus the RACH resource will be always available to UE. 
A SS block mapping rule will be specified, which the mapping rule describes how to allocate the RACH occasion(s) corresponding to the selected SS block. In previous meeting’s tdoc, the explicit and implicit manners were discussed. As an implicit manner, some equation-type of mapping rule between the selected SS block index and the RACH resource index in specification. By using the mapping rule, UE can calculate which (logical) symbol index will be used for RACH transmission, and by the RACH configuration table, UE can obtain the exact (physical) symbol index in which slot. But the implicit manner is difficult to configure many-to-one or one-to-many mapping between the RACH resources and SS blocks. In short, the explicit manner could provide higher flexibility while implicit manner could save some indication overhead. For the case of explicit based indication, a bit-map based mechanism seems feasible in order to support the many-to-one or one-to-many mappings between SS blocks and PRACH resources. This gives gNB significant flexibility in providing a non-uniform association between the RACH resources and the SS blocks depending on the specific implementation. The overhead for this explicit indication can be contained by considering mechanisms such as bit-map, group-based bit-map etc. much similar to the options discussed for the SS block mapping. Furthermore, such an indication implicitly gives the information about the actually transmitted SS blocks. 
On the other hand, it was agreed that the RACH configuration would be included in the RMSI and which will be common among all SS blocks; it may also be considered to design this mapping in an implicit manner if the overhead of explicit indication is deemed to be too much. One solution could be that the SS block index will be one-to-one mapping to the RACH occasion, and in case of many to one mapping and one to many mapping, equal number of SS block(s) and equal number of RACH occasions will be required, respectively. For example, every 2 SS blocks will be mapped to one RACH occasion or every SS block will be mapped to 2 RACH occasions.
Observation 2: Implicitly mapping rule between SS block and RACH resources can be beneficial for the sake so saving signaling overhead while the explicit mapping manner can provide the good flexibility of gNB configuration. 
Proposal 1: If the overhead of RACH configuration in RMSI is considerable, NR supports implicit mapping between SS blocks and the PRACH resources.

Conclusion
This contribution considered RACH configuration in NR. Based on the above discussion, we have following observation.
Observation 1: For indication of association between SS block and PRACH resources, both explicit and implicit ways are feasible.
[bookmark: _GoBack]Observation 2: Implicitly mapping rule between SS block and RACH resources can be beneficial for the sake of saving signaling overhead while the explicit mapping manner can provide the good flexibility of gNB configuration. 
Proposal 1: If the overhead of RACH configuration in RMSI is considerable, NR supports implicit mapping between SS blocks and the PRACH resources.
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