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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR RACH procedures, it was agreed in the RAN1#88bis meeting [1] as follows, 
RACH configuration / association / allocation 
· In NR, the RACH configuration provides at least:
· RACH time/freq. information 
· RACH preamble format
· 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
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam
· NR supports indication of PRACH resource allocation for non-contention based random access for a UE
· FFS on how the PRACH resource is indicated for the UE
· Note: PRACH resource refers to time/frequency/code resources of the PRACH preamble
Msg1 retransmission
· For NR RACH Msg1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
In this contribution, we shall discuss NR 4-step RACH procedures and resource configuration taking single/multi-beam properties into account.
[bookmark: _Ref129681832]Discussion on physical random access channel
RACH burst set and RACH configuration 
A RACH burst set should be defined similar to the definition of SS burst set. A RACH burst set consists of one or multiple RACH bursts, a RACH burst consists of one or multiple RACH occasions, a RACH occasion is one preamble format, and the RACH occasions in a RACH burst can be inconsecutive. 
[bookmark: _Ref480479596]Proposal 1: NR defines: 
· one preamble format composes a RACH occasion; 
· one or multiple RACH occasions compose a RACH burst;
· one or multiple RACH bursts compose a RACH burst set. 
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. An example about the RACH time-frequency resources is shown in Figure 1(a). 
[bookmark: _Ref481424850]Proposal 2: NR should support RACH configuration similar to LTE: with look up table to indicate the time, frequency, and preamble format. 

Association between RACH resource and SS blocks 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71]Each SS block is associated with a number of RACH resources such as to indicate the DL Tx beam for Msg2. For example in Figure 1(a), the structure of RACH time-frequency resources and preambles is shown, and the RACH resources are indexed. In Figure 1, it is supposed that a SS burst set consists of two SS bursts, each SS burst consists of 4 SS blocks, and the UE knows the information about the SS composition. 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). For the SS blocks in SS burst 1 (i.e., SS block #4 ~ SS block #7), each one is associated with a RO. 
	[image: ]

	(a) RACH resources and RACH occasion indexing 
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	(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: The SS blocks in SS burst #0 are associated with NRO, 0 = 2 ROs and the SS blocks in SS burst #1 are associated with NRO, 1 = 1 RO. The association between SS block #k and RO #r is determined by a predefined rule, for example: 

UEs know the SS composition and gNB only need to indicate UEs with the number of associated RACH resources for the SS bursts, i.e., NRO, 0 and NRO, 1. The information needed by UE and the required bits to transmit are 

Table 1 Required bits for indirect mapping for Figure 1
	Required information
	# of required bits

	NRO, 0
	1

	NRO, 1
	1

	Total required bits
	2


Option 2: direct mapping between SS blocks and RACH occasions: The number of ROs in a RACH burst set is NRO = 12. For each SS block k, the associated RACH occasions are determined by the start index of IDst, k and the number of ROs for the SS block NRO, k. As a result, the information needed by UE and the required bits to transmit are
Table 2 Required bits for direct mapping for Figure 1
	Required information
	# of required bits

	NRO
	4

	IDst, k
	4

	NRO, k
	1

	Total required bits
	9


For more SS blocks, it is reasonable to suppose that only a finite number of SS bursts are with configurable RACH resources and all the others are with fixed size of RACH resources. The assumption makes sense since only a limited number of SS blocks have much larger loads than the others. For example in a cell with 64 SS blocks and 16 SS bursts, there may be at most 2~4 SS bursts that are for hot-zones, then the required number of bits in indirect mapping is increased to 2~4 (1 bit for each burst), while it is increased to at least 7 + 7 + 1 = 15 (NRO: 7, IDst, k: 7, NRO, k: 1; 7 bits for more than 64 RACH occasions configuration) in direct mapping. As we can see, indirect mapping is of lower overhead given the association rule, and direct mapping is of higher overhead for a UE. Moreover, very small payload (e.g., 2~4 bits) is required for configurable and different RACH resources than fixed and uniform size of RACH resources, since the size of the RACH resources for only 2~4 SS bursts is configurable.  Therefore for load balancing [4], it is better to support different and configurable RACH resources for each SS block.
[bookmark: _Ref477890735][bookmark: _GoBack]Observation 1: Indirect mapping requires fewer payloads for transmitting the RACH association information, and the payload is only slightly increased for configurable size of RACH resources compared with fixed size of RACH resources. 
[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.
[bookmark: _Ref480479605]Proposal 4: For multi-beam operation, NR supports that RACH association is determined by at least the following information: 
· actually transmitted number of SS blocks
· the number of associated RACH resources for each SS burst
· association mapping: from SS block time index to RACH occasion index.
In LTE, the base station configures a preamble index and a set of RACH occasion for a UE to do contention-free random access (RA), such as handover and PDCCH order triggered RA. In NR, if a UE that is in handover or PDCCH order trigger want to access the target cell with contention-free mode, the gNB configures some RACH resources for the UE over all or some selected RACH occasions in a RACH sweeping period. The former one is of high overhead and collision probability. However, for the later one, the UE can report a set of SS blocks with acceptable RX signal quality to the gNB and then the gNB schedules RACH resources associated with some of the reported SS blocks for the UE. 
[bookmark: _Ref480479607]Proposal 5: For contention-free random access, PRACH resource allocation indication should include at least preamble index, a SS block time index or a set of SS block time indices. The UE can obtain the exact time and frequency according to the allocated SS block time index, RACH association, and RACH configuration. 
Msg1 retransmission and power ramping 
In LTE, one preamble transmission counter is used for power ramping, and the counter is incremented by 1 after each transmission. In NR, a UE may try preamble transmission over multiple RACH occasions (RO) that are associated different SS blocks, as shown in Figure 2. 
If UE is without beam correspondence, the UE may perform TX beam switching and/or power ramping at different RACH burst sets. To enable appropriate power ramping, the following schemes are feasible: 
1) Single counter: the power is ramped as illustrated in Figure 2(a) for Alt 2, or ramped for every transmission as illustrated in Figure 2(b) for Alt 3; 
2) Multiple counters: each TX beam is associated with a counter, and they are incremented according to the transmission for Alt 4,
For Alt 1 and Alt2, large latency is caused since the power may be not high enough but the interference is low. For Alt 3, the latency will be reduced while interferences are exacerbated. For Alt 4, UE needs to maintain multiple counters and the latency is even worse than Alt2.
If UE is with beam correspondence or only with a single beam, a single power ramping counter is enough as that in LTE, as shown in Figure 2(c). For the multiple retransmissions, the ramped power should be kept the same and the maximum number of tried ROs during a RACH burst set should be limited. 
In all, a single counter is simple and the power ramping scheme design could consider the tradeoff between latency and interference.
[bookmark: _Ref480479613]Proposal 6: For NR Msg1 retransmission with power ramping, trade-off between latency and cell interference should be considered in the design of power ramping. E.g., some balance between Alt2 and Alt3. 
	[image: ]

	(a) UE without correspondence, unchanged counter if TX beam switches
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	(b) UE without correspondence, counter keeps increasing
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	(c) UE with correspondence, counter keeps increasing and the same ramped power for different SS blocks


[bookmark: _Ref480479490]Figure 2: Power ramping in different RACH burst sets
Discussion on NR contention resolution
For 4-step RACH procedure within an NR Cell with multiple TRPs, since NR cell contains more UEs than LTE cells, the collision rate of preambles is higher given a preamble sequence pool size that is the same 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 CRNTI while other collided UEs restart RACH. In NR, the enlarged cell size and/or directional beamformed transmission in high frequency regime can be utilized to resolve the RACH collision such that more than one collided UEs in an NR cell after RACH can get (different) CRNTIs. If NR contention resolution is not successful, it falls back to LTE-like contention resolution and at least one collided UE restarts RACH.
There are two alternatives for contention resolution in an NR Cell:
· 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), or through different payload attached to the preamble. Then multiple different Msg2 are sent to assign different UL grant/TA/T-CRNTI, to colliding UEs via different TRP sets, or different beam sets, or being differentiated at UE side with different payloads that are attached in Msg1. From this step on, Msg3 and 4 are sent independently for each differentiated colliding UE, and these UEs can end up with different CRNTI.
· 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 CRNTI for one of colliding UE. One of the decode colliding UEs promote its temporary CRNTI to permanent one, while other decoded colliding UEs in Msg3 get new CRNTI in Msg4.
[bookmark: _Ref477890748]In Alt 2, the design of Msg4 should support carrying of new CRNTIs for potential contention resolution in NR.
[bookmark: _Ref481424695][bookmark: _Ref481424699]Proposal 7: NR contention resolution should be supported in addition to LTE contention resolution, such that more than one colliding UEs in an NR Cell get CRNTIs after RACH procedure. To support this, Msg4 may carry assigned CRNTIs to UEs that are different from the T-CRNTI assigned in Msg2.
Discussion on beam refinement during random access 
It was agreed previously that a 4-step RACH procedure follows LTE, as shown in Figure 3. In NR, the system information about RACH configuration is transmitted in remaining system information. Then the messages are transmitted with low modulation order and code rate since no high data rate transmission requirement for initial access, where the robustness is the high priority.
[image: ]
[bookmark: _Ref480262671]Figure 3: 4-step RACH procedure in LTE
The beam refinement in random access to further improve the performance mainly includes the following options: 
· Option 1: beam is refined based on utilizing CSI-RS for L3 mobility; 
· Option 2: beam is refined during Msg.1
· Option 3: beam is refined during Msg2;
· Option 4: beam is refined during or after Msg4. 
For option 1, the design of CSI-RS for L3 mobility is not clear, and whether to support beam refinement based on utilizing CSI-RS for L3 mobility should be FFS after the finalized design of CSI-RS for L3 mobility. The disadvantages of option 3 are obvious: 
· Limited UEs have high data transmission requirement immediately after RA, and the refined beam during RA may be out of date when data arrives. Then it is inefficient if support UEs perform beam refinement during RA without any request from UE.
· Possible collisions are un-resolved before Msg4, and the beam refinement may be useless due to collision. 
· The gNB may transmit multiple Msg2 over multiple beams/ports in time division, and thus the overhead and latency are increased.
· The SS block selected by a UE may not be the best but only acceptable one. The performance gain improvement by beam refinement is limited. 
· CSI-RS configuration will be transmitted in Msg2, and it puts excessive payload for these messages and leads to performance degradation.
[bookmark: _Ref477890738]For contention-free random access, multiple Msg1 transmission over multiple ROs should be allowed to reduce the delay due to TX-RX beam pair mismatch. For example, in UL beam management [3], a UE needs to transmit several preambles such as to obtain a better UL TX-RX beam pair. Based on the above discussions, we have the following proposals:
Proposal 8: For contention-free random access, multiple Msg1 transmissions over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window should be supported.
[bookmark: _Ref480479619]Proposal 9: NR does not support beam refinement during Msg2, and further study the benefits of beam management during or after Msg4 by configuration in RACH message. 

Conclusion
In this contribution, we discuss the RACH procedures and resource configuration taking single/multi-beam properties into account. The following observations are made:
Observation 1: Indirect mapping requires fewer payloads for transmitting the RACH association information, and the payload is only slightly increased for configurable size of RACH resources compared with fixed size of RACH resources. 
We propose that
Proposal 1: NR defines:
· one preamble format composes a RACH occasion; 
· one or multiple RACH occasions compose a RACH burst;
· one or multiple RACH bursts compose a RACH burst set. 

Proposal 2: NR should support RACH configuration similar to LTE: with look up table to indicate the time, frequency, and preamble format.
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: For multi-beam operation, NR supports that RACH association is determined by at least the following information: 
· actually transmitted number of SS blocks
· the number of associated RACH resources for each SS burst
· association mapping: from SS block time index to RACH occasion index. 

Proposal 5: For contention-free random access, PRACH resource allocation indication should include at least preamble index, a SS block time index or a set of SS block time indices. The UE can obtain the exact time and frequency according to the allocated SS block time index, RACH association, and RACH configuration.
Proposal 6: For NR Msg1 retransmission with power ramping, trade-off between latency and cell interference should be considered to the design of power ramping. E.g., some balance between Alt2 and Alt3. 
Proposal 7: NR contention resolution should be supported in addition to LTE contention resolution, such that more than one colliding UEs in an NR Cell get CRNTIs after RACH procedure. To support this, Msg4 may carry assigned CRNTIs to UEs that are different from the T-CRNTI assigned in Msg2.
Proposal 8: For contention-free random access, multiple Msg1 transmissions over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window should be supported.
Proposal 9: NR does not support beam refinement during Msg2, and further study the benefits of beam management during or after Msg4 by configuration in RACH message.
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