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1 Introduction
During RAN1 NR Ad-Hoc#3 meeting, the following was agreed for RACH resource configuration and RACH resource selection: 
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval

· FFS: time interval e.g 5/10/20ms

· FFS pattern

· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH

· FFS: Within each slot 

· Alt1: RACH resources within a slot are consecutive

· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

· RMSI indicates only a single transmit power for SS blocks in Rel-15
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP

· FFS details, including ping-pong effect handling 

In this document, we discuss remaining details on RACH resource configuration, RACH resource selection, and transmission and reception of random access response (RAR) in multi-beam operation. This document is a modified from R1-1716638.
2 RACH resource configuration 

In LTE, a UE deterministically derives a RACH preamble format and time and frequency resources for RACH preambles, according to an indicated PRACH configuration index and Table 5.7.1-2/3/4 in 3GPP TS 36.211. Similar to LTE, patterns of the slots that contain PRACH resources can be pre-defined for NR, and gNB may configure one pattern semi-statically via system information. Semi-statically configured RACH resources, potentially with less density in terms of RACH resource occurrences, may be suitable for initial access UE which has just been turned on and is trying to camp on a cell. However, for RRC_IDLE, RRC_INACTIVE, or RRC CONNECTED mode UEs, more frequent RACH opportunities may need to be configured in order to achieve fast connection set-up, uplink synchronization, and beam recovery.   
In NR, dynamic TDD operation and potential multiplexing of ultra-reliable low-latency communication (URLLC) services with eMBB traffics would make it difficult to predefine uplink slot or the number of uplink symbols in a slot. Accordingly, gNB may have to configure as many slots as possible for potential RACH slots, especially for RRC_CONNECTED mode UEs, and may have to indicate the actual availability of the RACH resources via dynamic signalling in a RACH slot or near the RACH slot (e.g. one or two slots before the RACH slot), wherein the RACH slot includes one or more semi-statically configured common RACH resources.  

For example, the UE is configured by higher-layers for slots with RACH resources and periodicity (in addition to other RACH configuration parameters). UE assumes the RACH resources are present in the configured slot if the UE is not configured to monitor a group common physical downlink control channel (PDCCH) in the slot or if UE is configured to monitor a group common PDCCH and does not decode a group common PDCCH in the slot. If the UE decodes the group common PDCCH in the slot, the group common PDCCH can indicate whether the higher-layer configured RACH resource in the slot can be used for RACH transmission. Additionally, the group common PDCCH can indicate a new RACH resource in a following slot that the UE should use for transmission of a RACH preamble. 

Observation 1: In NR, semi-static configuration of RACH time and frequency resources may not be sufficient for supporting dynamic TDD operation and multiplexing URLLC with eMBB traffics. 
Proposal 1: Support a dynamic RACH indication signalling in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation.
3 Network configuration for UE’s RACH resource selection

To determine a serving SS block/CSI-RS resource/port and a corresponding RACH resource for each preamble (re)-transmission of the RACH procedure, UE may rank one or more SS blocks/CSI-RS resource/ports based on RSRP measurements. When UE updates measurement based ranking and determines whether to change the serving SS block/CSI-RS resource/port or not, some RSRP offset values can be applied to avoid frequent changes in the serving SS block/CSI-RS resource/port. For example, UE may receive a first RSRP offset value associated with a current serving SS block, a second RSRP offset value associated with a SS block currently not selected as a serving SS block but being evaluated for potential re-selection of the serving SS block, and an evaluation duration used to decide whether to re-select the serving SS block or not. In order to make the decision for re-selection, UE can compute ranking metrics by applying the first RSRP offset value (e.g. a positive value) to the RSRP measurement of the current serving SS block and by applying the second RSRP offset value (e.g. a negative value) to the RSRP measurement of the candidate SS blocks. If UE verifies that ranking of a certain candidate SS block is higher than the current serving SS block for the indicated duration, UE can perform re-selection of the serving SS block.
During handover, UE may have to select a SS block or CSI-RS resource/port allowing fast RACH completion. A handover command may include information required for contention based random access (CBRA) and contention free random access (CFRA) so that UE can select a serving SS block/CSI-RS resource/port which may be different from a SS block/CSI-RS resource/port reported in a measurement report and provided with a dedicated RACH resource. 

Considering that CBRA takes longer time than CFRA, UE may want to prioritize CFRA resources. For example, if the CFRA resource is within X time units (e.g, in terms of slots or ms) of a CBRA RACH opportunity, the UE may skip the CBRA RACH opportunity and transmit the RACH preamble on the CFRA. “Valid” RACH transmission opportunities may be RACH resources associated with SS blocks/CSI-RS resources/ports measurements of which are above a RSRP threshold. The value of X may be configured by gNB, depending on the average latency difference between using a CBRA and CFRA.  

Proposal 2: Support UE to select a serving SS block/CSI-RS resource/port and a corresponding RACH resource with assistance from gNB.

4 Random access response in multi-beam operation

When more than one SS blocks (or DL Tx beams) are associated with one RACH resource (in order to reduce the RACH resource overhead) and the gNB detects multiple RACH preambles associated with different SS blocks in the RACH resource, it is not clear how the gNB transmits the RAR message.
In LTE, a PDCCH and a PDSCH associated with delivery of a RAR message are addressed by a random access-radio network temporary identifier (RA-RNTI), which is determined by the time and frequency RACH resource. Since only one RA-RNTI exists for one RACH time/frequency resource, the gNB may need to repeat PDCCH and PDSCH transmissions for the same RAR message with different Tx beams in multi-beam operation. This would make the delivery of RAR less efficient in terms of resource utilization.
Observation 2: Repeating PDCCH and PDSCH transmissions for the same RAR message with different Tx beams in multi-beam operation would make the delivery of RAR less efficient in terms of resource utilization. 
Figure 1 illustrates examples of RAR MAC protocol data unit (PDU). When the gNB detects RACH preambles 1-5, where preamble 1 is from the RACH preamble subset 1 associated with DL Tx beam 1, preambles 2 and 3 are from the RACH preamble subset 2 associated with DL Tx beam 2, and preambles 4 and 5 are from the RACH preamble subset 3 associated with DL Tx beam 3, one way to transmit RAR is that the gNB creates one RAR MAC PDU and a corresponding transport block (TB) as shown in Figure 1 (a). Since this one TB should be delivered to the UEs each of which transmitted one of the RACH preambles 1-5 with selecting one of the DL Tx beam 1-3, it may need to be transmitted 3 times with 3 PDSCHs. Since 3 PDSCHs have the same TB size, the gNB can use a semi-persistent DL assignment for 3 PDSCH transmissions. Each PDSCH carrying the TB is beamformed with one of the three DL Tx beams (i.e. Tx beams 1-3), and can be addressed by one RA-RNTI, which is determined by the time and frequency RACH resource. Although the semi-persistent scheduling assignment can reduce DCI overhead, repeating a large single TB with multiple beams may not be desirable. Alternatively, only one PDSCH carrying the TB can be transmitted with one of beam diversity transmission schemes (e.g. beam cycling). For a given modulation and coding scheme (MCS), the decoding performance of Tx-beam diversity based PDSCH transmission may be dependent on the number of targeted spatial directions and distribution of payload bits over spatial directions.    

In another example shown in Figure 1 (b), the gNB creates three small-size RAR messages according to the associated DL Tx beams and transmits 3 PDSCHs addressed by different RA-RNTI values. Each PDSCH carrying a different TB is beamformed with one of the three DL Tx beams (i.e. Tx beams 1-3), and is addressed by an RA-RNTI determined by the time and frequency RACH resource and the index of SS block, beam, or RACH preamble subset. When detected RACH preambles are associated with the number of DL Tx beams which is larger than a certain number (e.g. 2), it may be more resource-efficient to split the MAC RARs (and corresponding MAC sub-headers carrying a preamble ID) according to the targeted DL Tx beams and transmit them in separate PDSCHs with different Tx beamforming. If the RA-RNTI is also dependent on an SS block index, a DL Tx beam index, or a RACH preamble subset index in addition to the time and frequency RACH resource, then UE can receive and decode a PDSCH carrying the MAC RAR intended to itself.

Proposal 3: RA-RNTI is determined by an SS block index, a DL Tx beam index, or a RACH preamble subset index together with the time and frequency RACH resource. 
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Figure 1 Examples of RAR MAC PDU in multi-beam RACH procedure
5 Conclusion
In summary, we have the following observations and proposals for random access procedures:
Observation 1: In NR, semi-static configuration of RACH time and frequency resources may not be sufficient for supporting dynamic TDD operation and multiplexing URLLC with eMBB traffics. 
Proposal 1: Support a dynamic RACH indication signalling in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation.
Proposal 2: Support UE to select a serving SS block/CSI-RS resource/port and a corresponding RACH resource with assistance from gNB.

Observation 2: Repeating PDCCH and PDSCH transmissions for the same RAR message with different Tx beams in multi-beam operation would make the delivery of RAR less efficient in terms of resource utilization. 
Proposal 3: RA-RNTI is determined by an SS block index, a DL Tx beam index, or a RACH preamble subset index together with the time and frequency RACH resource. 
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