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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR RACH procedures and resource configuration, the following agreements are achieved in the previous meetings [1][2][3]:
· In NR, the RACH configuration provides at least:
· RACH time/freq. information 
· RACH preamble format
· 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). 
In this contribution, the remaining aspects as identified above are addressed. Furthermore, additional Msg2 and Msg3 specifications details are included as well.   

[bookmark: _Ref129681832]RACH configuration 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71]As listed above, the set of parameters for the RACH resource configurations should be minimized in RMSI. As agreed previously, the configurations include at least the time/frequency information and the RACH preamble format. Other considerations and parameters are:
· The association between an SS block in the SS burst can be with more than one or subset of RACH occasions or resources. In other words, an SS block can be associated with two (as an example) RACH occasions, each with its own time/frequency for the Msg1 transmitted with a single particular Tx beam). To reduce the configuration overhead, the association can be varied on an SS burst basis. 
· As described in [4], to further simplify the configurations in the RMSI, the UEs should already be indicated the SS composition and the actually transmitted SS Blocks from the NR-MIB. 

[bookmark: _Ref490140737]Proposal 1: The RACH configurations contain at least the number of associated RACH occasions or resources for each SS burst and the association mapping, i.e., from SS block time index to RACH occasion index.
Similar to LTE, a RACH resource is determined by the time, frequency, preamble format and the UE obtains these from a lookup table with a configured index. In NR, a similar look-up table can be used.

Msg2 window 
In LTE, the eNB generates a random access response (RAR) for each detected preamble and broadcasts all the RARs, which are for the detected preambles in an RO (e.g., with subframe index t0), in a same MAC PDU (Msg2). The gNB transmits Msg2 in any subframe within the RAR window, which starts from subframe t0 +3 and has length of ra-ResponseWindowSize. In the RAR window, a UE that has transmitted a preamble monitors the subframes until that the Msg2 is received or time is out of the RAR window. 
In NR, multiple SS blocks are deployed for cell coverage and  multiple Msg2  (e.g., N) for the ROs in a time slot are to be scheduled. There are two options for the RAR windows of the Msg2 as shown in the example of Figure 1. 
· A single RAR window for all the N (=2) Msg2 as shown in Figure 1(a), and the window size is extended by N times.  
· Alternatively, each Msg2 has a RAR window of the same size and there is a time offset between RAR windows. For the example shown in Figure 1(b), there are two Msg2s that are with a same RAR window size and the start time is offset by toffset. The RAR window start time of the first Msg2 is t0+t1, and the RAR window start time of the second Msg2 is t0+t1+toffset. 
	[image: ]

	(a) Single RAR window for multiple SS blocks 

	[image: ]

	(b) Multiple RAR windows for different SS blocks


[bookmark: _Ref488250497]Figure 1: RAR windows for multiple SS blocks in a time slot 
Comparatively, one large RAR window would increase the UE receiving complexity and random access delay since a UE will have to monitors multiple PDCCHs for a single Msg2. On the other hand, the offset in the later option provides enough scheduling flexibility for gNB’s other DL/UL data, and the RAR window size can be smaller which also reduces the UE detection overhead and delay. 
[bookmark: _Ref490140740][bookmark: _GoBack]Proposal 2: NR supports Msg2 with multiple RAR windows, each corresponding to one or a subset of RACH occasions. The multiple RAR windows are defined by a start time offset relative to the first RAR window.

Msg3
In LTE, a UE gets the initial transmission time and frequency of Msg3 according to the UL grant in the received RAR in Msg2. For a received Msg2 at subframe n, the transmission time of Msg3 is the first UL subframe not later than n+6 when the UL delay field in the RAR is false, and the transmission time of Msg3 is the second UL subframe not later than n+6 when the UL delay field in the RAR is true. For each detected preamble, eNB generates a single RAR which schedules only one UL grant for an Msg3 initial transmission. If the Msg3 transmission fails, the eNB reschedules a UL resource by downlink control information (DCI) for Msg3 retransmission. 
Msg3 timing
The timing flexibility of Msg3 in LTE is only 1 bit (two candidate timing), which is indicated by the UL delay field in RAR. It is expected that NR should provide more timing flexibility for Msg3 transmission due to support of multiple beams. Specifically, gNB should be provided with greater flexibility to schedule the Rx beams for Msg3 reception. However, increasing the bits of UL delay field in the UL grant will also lead to higher payload for the RAR. With N users, the bits needed increase from N bits to 2N bits (assuming 1 bit is increased to 2 bits). Having the UL delay field in the MAC header of Msg2, similar to the back-off index in Msg2, would allow all the RAR to share the UL delay field. All the UEs that have matched RAR in Msg2 will transmit their Msg3s according to the UL delay field in the MAC header, which is the same for all UEs. 
[bookmark: _Ref490140746]Proposal 3: NR supports at least 2 bits UL delay field to improve the timing flexibility for Msg3 transmission. NR UL delay field can be sent in the MAC header of Msg2 to reduce the scheduling overhead.
Msg3 Collision
Only one UL grant is scheduled in RAR and the initial Msg3 transmission is single in LTE. However, the initial Msg3 transmission may fail if multiple users transmitted a same preamble or transmit different Msg3 over the same scheduled UL resource by the UL grant, which is known as collision. During the Msg3 retransmission, collision still exists and the Msg3 failure will continues on until the maximum number of retransmissions. The Msg3 retransmission of LTE is time consuming and resource inefficient when there is collision. 
In NR, the same problem exists. Possible solutions can be considered such as allocating multiple UL grants for Msg3 retransmission. With respect to collisions, the following scenarios exist:
· No collision: The UE only takes the scheduled UL resource (e.g., RBG) for Msg3 transmission. The gNB will try to decode an Msg3 over RBG. If the decoding fails, the gNB decides whether or not to schedule two UL resources for Msg3 retransmission. Since there are prior information about the received signal power of the initial Msg3, gNB may know only one UE transmitted and then only one UL resource is scheduled for retransmission. 
· Collision (e.g., two users, UE1 and UE2): The gNB will try to decode a Msg3 over RBG. If the decoding fails, the gNB decides whether or not to schedule two (or K) UL resources for Msg3 retransmission. Since there are prior information about the received signal power of initial Msg3, gNB may know that there may be two UEs, and then two UL resources are scheduled for retransmission. Both UEs randomly select a UL resource for Msg3 retransmission, and there is a collision mitigation probability of 1/2 (or (K-1)/K) for each Msg3 retransmission. 
[bookmark: _Ref488311535][bookmark: _Ref477890748]Another approach to address collisions in Msg3 is to rely on different TRP 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 or is a mixture or all colliding UEs. In this case gNB identifies multiple (N) decoded UEs via their distinct contention resolution ID in Msg3, and multiple (N) Msg4 can be sent out to each decoded colliding UE via different TRP sets or different beams, and some (N-1) Msg4 can carry new C-RNTIs for the decoded colliding UEs. Since these multiple Msg4 are scrambled by the same temporary C-RNTI, each collided UE looks for its own contention resolution ID echoed in Msg4. If a UE does not detect its contention resolution ID in Msg4, it assumes it is not decoded and restarts RACH. 
[bookmark: _Ref490140847]Proposal 4: NR should address Msg3 collision. The specifications impact of the following approaches should be considered:
· gNB may schedule multiple UL grants for Msg3 retransmissions to reduce the access delay and provide contention mitigation. 
· NR supports assignment of an optional C-RNTI field in Msg4 that contains a C-RNTI different from the temporary C-RNTI assigned in Msg2 for any decoded colliding UE.

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: The RACH configurations contain at least the number of associated RACH occasions or resources for each SS burst and the association mapping, i.e., from SS block time index to RACH occasion index.
Proposal 2: NR supports Msg2 with multiple RAR windows, each corresponding to one or a subset of RACH occasions. The multiple RAR windows are defined by a start time offset relative to the first RAR window.
Proposal 3: NR supports at least 2 bits UL delay field to improve the timing flexibility for Msg3 transmission. NR UL delay field can be sent in the MAC header of Msg2 to reduce the scheduling overhead.
Proposal 4: NR should address Msg3 collision. The specifications impact of the following approaches should be considered:
· gNB may schedule multiple UL grants for Msg3 retransmissions to reduce the access delay and provide contention mitigation. 
· NR supports assignment of an optional C-RNTI field in Msg4 that contains a C-RNTI different from the temporary C-RNTI assigned in Msg2 for any decoded colliding UE.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
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