3GPP TSG RAN WG1 NR Ad-Hoc Meeting	R1-1710478
Qingdao, China 27 – 30 June 2017

Agenda Item:	5.1.1.4.4
Source:	Huawei, HiSilicon
Title:	RACH procedures and resource configuration 
[bookmark: _GoBack]Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR RACH procedures and resource configuration, the following agreements are achieved in the RAN1#88bis [1] and #89 meetings [2]:
· In NR, the RACH configuration provides at least:
· RACH time/freq. information 
· RACH preamble format
· Random access (RA) configuration is included in remaining minimum SI.
· Continue discussion on
· Whether all RA configuration information is transmitted in all beams used for RMSI within a cell or not
· Whether NW is mandated to use the same set of beams for RMSI and SS block or not
· Whether SS block and RMSI are spatial QCLed or not
· 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 signaling
· RAN1 will study transmitting PRACH preambles in CONNECTED mode in resources based on CSI-RS
· FFS: use cases and configurations details based on CSI-RS
· RAN1 will study transmitting PRACH preambles in CONNECTED mode in resources based on CSI-RS
· FFS: use cases and configurations details based on CSI-RS 
In this contribution, we shall discuss NR 4-step RACH procedures and resource configuration taking single/multi-beam properties into account.

[bookmark: _Ref129681832]RACH configuration and association
RACH configuration 
In LTE, a RACH resource is determined by the time, frequency, preamble format, and root of the preamble sequence. UE obtains the former three by looking up a table with a configured index. In NR with multiple beams, the RACH configuration should be able to indicate the time, frequency, preamble format, and preamble sequence, where the look up table method as that of LTE is preferred. 
[bookmark: _Ref481424850]Proposal 1: NR should support RACH configuration similar to LTE: with look up table to indicate the time, frequency, and preamble format.

RACH association 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71]Association based on SS block 
Each SS block is associated with RACH resources such as to indicate the DL Tx beam for Msg2. Considering an example that a SS burst set consists of two SS bursts, and each SS burst consists of 4 SS blocks (fixed in the spec). The structure of RACH resources is shown in Figure 1(a), and an example for RACH association is shown in Figure 1(b). For the SS blocks in SS burst 0 (i.e., SS block #0 ~ SS block #3), each SS block is associated with two RACH occasions (RO, T/F resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular Tx beam). For the SS blocks in SS burst 1 (i.e., SS block #4 ~ SS block #7), each one is associated with a single RO. 
	[image: ]

	(a) RACH resources and RACH occasion indexing 

	[image: ]

	(b) RACH occasions for the SS blocks


[bookmark: _Ref480819633]Figure 1: Association between SS blocks and RACH resources 
In Figure 1, the association between SS blocks and ROs are the mapping between the SS block indices and RO indices, and can be implemented in two approaches. Option 1: indirect mapping between SS blocks and RACH occasions and Option 2: direct mapping between SS blocks and RACH occasions. In [3], we have shown that option 1 is preferred and the RACH association information is determined by at least actually transmitted number of SS blocks, the number of associated RACH resources for each SS burst and the association mapping, i.e., from SS block time index to RACH occasion index.
[bookmark: _Ref480479605]Proposal 2: For multi-beam operation, NR supports that RACH association is determined by at least the following information: 
· actual transmitted number of SS blocks
· the number of associated RACH resources for each SS burst
· mapping from SS block time index to RACH occasion index.
For larger number of SS blocks, it is reasonable to assume that only a finite number of SS bursts are with configurable RACH resources and all the others are with fixed size of RACH resources. This assumption is applicable since some limited number of SS blocks would have much larger loads than the others. As shown in [3], very small additional payload (e.g., 2~4 bits) is required for the case with configurable and different RACH resources compared to the case with fixed and uniform size of RACH resources, since the size of the RACH resources for only 2~4 SS bursts is configurable. Therefore it is better to support different and configurable RACH resources for certain SS block to satisfy the RACH load balancing requirement.
[bookmark: _Ref477890735][bookmark: _Ref481424718]Proposal 3: For multi-beam operation, NR supports configurable and different size of RACH resources associated with SS blocks, where the configuration is SS burst based to reduce overhead.

Association based on RRC configured CSI-RS 
It has been agreed SS-block and/or CSI-RS can be used to perform RRM measurement for neighboring cell for L3 mobility. Since a wide beam is used for SS-block, a UE that uses the SS-block-specific RACH T/F resource and/or preamble indices to access the target cell would need further beam refinement after accessing the target cell. This may not be latency efficient. Alternatively, beam refinement can be performed before accessing the target cell. The network can use a narrow beam for CSI-RS transmission for neighboring cell and do an association between the cell-specific RACH T/F resource and/or preamble indices, and the CSI-RS configuration. Then the UE can use cell-specific RACH T/F resource and/or preamble indices associated with UE-specific CSI-RS configuration to access the target cell i.e. informing the neighbor cell which CSI-RS beam is preferred for Msg2 transmission. In this case, the handover command needs to carry the cell-specific RACH T/F resource and/or preamble indices, and the association to the UE-specific CSI-RS configuration. 
It is FFS whether to support the association between RACH T/F resource and the UE-specific CSI-RS configuration, or to support the association between RACH preamble indices and the UE-specific CSI-RS configuration or both. The association to the CSI-RS configuration could be CSI-RS resources and/or configuration ID based on the CSI-RS RRC configuration designs. 
Proposal 4: NR supports association between cell-specific RACH T/F resource and/or preamble indices, and UE-specific CSI-RS configuration for determining gNB Tx beam for Msg2 transmission.

Cell specific RACH configuration in RMSI 
Different RACH T/F resources and/or preamble indices will be associated with different SS block. The RACH configuration associated with a specific SS block is transmitted individually. In other words the RACH configuration in RMSI is different for different beams. Alternatively, the all RACH configuration is broadcasted in all the different beams, where RMSI is the same.
If different RACH configurations is sent in the RMSI per SS block, the UE would need to read new RACH configuration associated with the new detected beam such as when the UE moves out of the previous SS block beam coverage or UE finds better SS block beam before Msg.1 transmission. 
If the same RACH configuration is sent in the RMSI for all the SS blocks, a UE moving in the cell (cross multiple beams) would not need to acquire the RMSI again when it moves from one beam to another in the cell. This will greatly reduce the efforts of acquiring the RMSI and hence reduce the UE power consumption accordingly. Furthermore, the cell specific configuration overhead should be comparable with the beam specific configuration, since the RACH T/F resources associated with different SS blocks will not be totally different. For example, the frequency resources could be the same without the need for beam specific broadcasting. 
Proposal 5: The RACH configuration is cell specific i.e. all RACH configuration is broadcasted in all beams used for RMSI within a cell.

RACH contention resolution
For the 4-step RACH procedure within an NR Cell with multiple TRPs and with greater number of UEs,  the collision rate of preambles would be higher, for a given a preamble sequence pool size that is the same as in LTE. Methods to reduce random access collision include increasing RACH resources and preamble sequence pool size. In LTE contention resolution, only one UE among collided UEs get a permanent C-RNTI while other collided UEs have to restart RACH. 
In NR, the enlarged cell size and/or directional beamformed transmission in high frequency regime can be an advantage to resolve the RACH collision such that more than one collided UEs in an NR cell after RACH can get (different) C-RNTIs. If NR contention resolution is not successful, it falls back to LTE-like contention resolution and at least one collided UE restarts RACH.
More than one colliding UEs can be assigned C-RNTIs through the following:
· Alt 1: contention resolution in Msg1. The transmission of the same preamble in Msg1 can be differentiated in Msg1 through different sets of receiving TRPs that are separated geographically or through different directional antenna beams (from potentially multiple TRPs. Then multiple different Msg2 are sent to assign different UL grant/TA/T-C-RNTI to colliding UEs via different TRP sets or different beam sets. From this step on, Msg3 and 4 are sent independently for each differentiated colliding UE and these UEs can end up with different C-RNTIs.
· [bookmark: _Ref477890748]Alt 2: contention resolution in Msg3. If colliding UEs are assigned the same Msg2 and transmit on the same resource in Msg3, the mutual interference can be mitigated through different TRP sets that are separated geographically, or through different directional antenna beams, such that more than one Msg3 can be decoded, although TA contained in Msg2 may be for only one UE. In this case multiple Msg4 can be sent out and at least one Msg4 carries a new C-RNTI for one of colliding UE. One of the decoded colliding UEs promotes its temporary C-RNTI to permanent one, while other decoded colliding UEs in Msg3 get new C-RNTIs in Msg4. With this approach, the design of Msg4 should support carrying of new CRNTIs for potential contention resolution in NR.
[bookmark: _Ref481424695][bookmark: _Ref481424699]Proposal 6: NR RACH contention resolution should support assignment of multiple C-RNTIs to more than one colliding UEs in the NR Cell.  

Conclusion
In this contribution, we discuss the RACH procedures and resource configuration taking single/multi-beam properties into account. The following proposals are made:
Proposal 1: NR should support RACH configuration similar to LTE: with look up table to indicate the time, frequency, and preamble format.
Proposal 2: For multi-beam operation, NR supports that RACH association is determined by at least the following information: 
· actual transmitted number of SS blocks
· the number of associated RACH resources for each SS burst
· mapping from SS block time index to RACH occasion index.
Proposal 3: For multi-beam operation, NR supports configurable and different size of RACH resources associated with SS blocks, where the configuration is SS burst based to reduce overhead.
Proposal 4: NR supports association between cell-specific RACH T/F resource and/or preamble indices, and UE-specific CSI-RS configuration for determining gNB Tx beam for Msg2 transmission.
Proposal 5: The RACH configuration is cell specific i.e. the all RACH configuration is broadcasted in all beams used for RMSI within a cell.
Proposal 6: NR RACH contention resolution should support assignment of multiple C-RNTIs to more than one colliding UEs in the NR Cell.  
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