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[bookmark: _GoBack]For NR RACH procedures, it was agreed in the RAN1#88 meeting [1] as follows, 
Multiple Msg.1 transmission
· For contention-free random access, the following options are under evaluation
· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window
· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1
· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices
· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window
Multiple RAR
· Following is baseline UE behavior 
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises
RACH association
· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices
· A preamble index consists of preamble sequence index and OCC index, if OCC is supported
· Note: a subset of preambles can be indicated by OCC indices
It was agreed in the RAN1#Ad-Hoc meeting [2] as follows,
For NR RACH Msg. 1 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. 
· 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
Physical random access channel 
In previous RAN1 meetings, the agreements about the RACH resources are shown in Figure 1 and the PRACH region should be aligned to the boundary of uplink symbol/slot/subframe. The RACH format design should consider the single and multiple beams separately as follows:
· Single beam gNB: Typical application scenario is large cell size and hence long preamble length is desirable. To reduce the RACH overhead, the number of the RACH occasions (RO) N should be small, and better to be N = 1 as in LTE. 
· Multiple beams gNB: Typical application scenario is small cell size due to the high path loss and multi-beam operation. Hence short preamble length is desirable to reduce the RACH delay and overhead. The number of the RACH occasions (RO) N should be large to support gNB beam sweeping.
In both cases, the number of OFDM symbols can be 1 or 2 following LTE design. 
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[bookmark: _Ref477438105]Figure 1: Physical random access channel
Observation 1: In a RACH region, 
· Single beam gNB: The number of preambles equals 1 and one preamble sequence consists of one or two OFDM symbols for lower RACH overhead; 
· Multi beam gNB: The number of preambles N ≥ 2 and one preamble sequence consists of one or two OFDM symbols for supporting gNB beam sweeping across preambles
Association between RACH resource and DL signal /channel 
In NR, gNB may be with or without beam correspondence. To obtain the DL Tx beam for Msg2, gNB could configure the associations between SS blocks and RACH resources. There are two configurations as shown in Figure 2: 
1) In Figure 2(b), all the SS blocks are associated with the same and fixed size of RACH resources. Specifically, each SS block in SS burst 1 and SS burst 2 is associated with one RO in the example. 
2) In Figure 2(c), the SS blocks are associated with different and configurable size of RACH resources, and each SS block is associated with required size of RACH resources. Specifically, each SS block in SS burst 1 is associated two ROs, where UE could choose either one to send Msg.1. Each SS block in SS burst 2 is associated one RO in the example. 
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	(a) SS blocks and bursts in DL signal/channel

	 [image: ]

	(b) Same and fixed size of RACH resource with SS blocks and bursts
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	(c) Different and configurable size of RACH resource with SS blocks and bursts


[bookmark: _Ref477504915]Figure 2: Association between RACH resources and SS blocks/bursts
For the configuration with same and fixed size RACH resources, there is no extra signaling to convey the RACH resource settings. However, it is not flexible to adapt the RACH resources. On the other hand, it is flexible and efficient when adapt the RACH resources according to the load in each SS beam by different and configurable associations. Nevertheless, the association configuration slightly increases extra signaling. The pros and cons of two configurations are given in Table 1.
[bookmark: _Ref477440472]Table 1 Comparison between the fixed and configurable RACH resources
	RACH resources
	Pros
	Cons

	Fixed
	Lower signaling overhead 
	Lower resource efficiency 

	Configurable
	Higher resource efficiency 
	Slightly higher signaling overhead 


In practice, UEs is randomly distributed in a cell.  The number of UEs under a SS block beam coverage is time varying, as shown in Figure 3. The UEs in SS block #1 (Timing index) at time t1 is smaller than that at time t2, therefore more RACH resources associated with SS block #1 could be allocated at time t2. Furthermore, since the number of UEs under SS block #2 is the same, the RACH resources associated with SS block #2 could remain the same in t2.
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	(a) loads in a cell at time t1
	(b) loads in a cell at time t2


[bookmark: _Ref477292170]Figure 3: different load in different gNB beams
Base on the above observations, we have following proposal: 
[bookmark: _Ref477890735][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71]Proposal 1: For multi-beam operation, NR supports configurable RACH resources associated with SS blocks or SS bursts.
Discussion on random access procedures 
For multi-beam operations, gNB transmits the NR-PSS/SSS and/or NR-PBCH over the SS-blocks in a beam sweeping manner, as shown in Figure 2(a). The UE acquires the preferred DL Tx beam at gNB and UE Rx beam information by detecting the SS blocks. Based on the RACH resources associated with the SS blocks/bursts, UE starts the RACH procedures.
Msg. 1 
For contention-free random access, multiple Msg. 1 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.
[bookmark: _Ref477890738]Proposal 2: For contention-free random access, multiple Msg. 1 transmissions over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window should be supported.
A DL synchronized UE will transmit random access signal at the RACH resources associated with the synchronized DL SS block. Msg. 1 transmission(s) may be failed due to that UE don’t know whether beam correspondence holds or suffering from deep channel fading.  For the Msg. 1 retransmission, UE has two choices.1) Single transmission: UE sends only one Msg. 1 over a UE selected UL TX-RX beam pair before the RAR window.  2) Multiple transmissions: UE sends multiple Msg. 1 over multiple UL TX-RX beam pairs before the RAR window, where UE may send multiple preambles with the same Tx beam or different Tx beams. The comparison between the two transmissions is given below:
 Table 2 Comparison between single and multiple transmissions
	Transmission scheme
	Pros
	Cons

	Single transmission
	Low overhead for Msg. 2, and low collision probability
	Large latency

	Multiple transmissions
	Low latency 
	High collision probability and high overhead for Msg. 2


A retransmission procedure may cause very large latency for a UE, and hence it is reasonable to support multiple Msg. 1 transmissions. On the other hand, during the transmissions before the RAR, the same ramped power should be used to enhance the RA detection probability, and whether TX beam switching or not is up to the UE. 
[bookmark: _Ref477890739]Proposal 3: For the Msg. 1 retransmission, multiple transmissions before the RAR should be supported, and using the same ramped power for multiple transmission. 
Msg. 2 transmission(s) with multiple Msg. 1 transmission
For contention-based random access with multiple Msg. 1 transmission, gNB may detect the preambles in different ROs as shown in Figure 4: 
1) UE1 transmits two preambles P1 and P2 and gNB detects both preambles, where P1 and P2 may be the same or different preambles.
2) UE2 transmits two preambles P3 and P4 but gNB only detects one preamble P4, where P3 and P4 may be the same or different preambles.
TRP has no information whether the detected preambles are from the same UE or different UEs, which will lead to ambiguity problem. To solve the ambiguity, gNB may respond in two approaches: 
Approach 1: gNB transmits RARs for each detected preamble in single Msg.2, as shown in Figure 4 (a). 
Approach 2: gNB transmits RARs in two stages as shown in Figure 4 (b). gNB first responses only P1 in RO#1, and then gNB receives the Msg. 3. In Msg. 3, UE1 will report the preamble P2 was transmitted but un-responded by gNB. Then gNB will know that the detected P2 was from the same UE and only decides to respond P4 in the next Msg. 2. In other words, gNB first responses one subset of the detected preambles by single Msg.2, and then responses some/all of the remaining detected preambles after receiving Msg. 3.
The advantages and disadvantages of the two approaches are listed in Table 3. 
[bookmark: _Ref477556939]Table 3 pros and cons of single and multiple RAR 
	RAR transmission 
	Pros
	Cons

	Approach 1
	Low latency
	High overhead

	Approach 2 
	Low overhead
	Slightly increased latency
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	(a) approach 1: TRP responses all the detected preambles
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	(b) approach 2: two-stage response 


[bookmark: _Ref477889018]Figure 4: response methods for multiple Msg. 1 transmission
[bookmark: _Ref477890743]Observation 2: For contention-based random access with multiple Msg.1 transmission, ambiguity problem can be solved by multiple Msg.2 transmission. For example, two stage Msg.2 transmission with RARs for one subset of the detected preambles in stage 1 Msg.2, and RARs for some/all of the remaining detected preambles in stage 2 Msg.2 after Msg.3 reception at gNB.
In multiple TRPs scenario, UE may send preambles in multiple RACH occassions with different UE Tx beams. The UE’s preambles with different UE Tx beams may be received by multiple TRPs. The network can indicate the best received RACH occasion to assist UE to determine the UL Tx beam for Msg3. 
[bookmark: _Ref477891968]Proposal 4: Support that Msg2 carries RACH occasion information on which the gNB receives the preamble of the UE. 
· UE selects the UL Tx beam for Msg3 based on the indicated RACH occasion information

Msg. 3 transmission(s) 
Msg. 3 transmission will use low MCS to ensure the robustness. It does not need require high data rate with high MCS. Our previous contribution [4] has suggested that CP-OFDM and DFT-s-OFDM have comparable performances. There is no much intention to introduce two waveforms for Msg. 3 transmission, since it will increase the system complexity. Therefore, it is desirable to fix the waveform for Msg. 3 transmission for simplicity, and we have following proposal.
[bookmark: _Ref477890746]Proposal 5: The waveform for Msg. 3 should be fixed to either CP-OFDM or DFT-s-OFDM. 

Discussion on NR contention resolution for UCNC
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 Msg 1. The transmission of the same preamble in Msg 1 can be differentiated in Msg 1 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 Msg 2 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 Msg 1. From this step on, Msg 3 and 4 are sent independently for each differentiated colliding UE, and these UEs can end up with different CRNTI.
· Alt 2: contention resolution in Msg 3. If colliding UEs are assigned the same Msg 2 and transmit on the same resource in Msg 3, 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 Msg 3 can be decoded, although TA contained in Msg 2 may be for only one UE. In this case multiple Msg 4 can be sent out and at least one Msg 4 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 Msg 3 get new CRNTI in Msg 4.
In Alt 2, the design of Msg 4 should support carrying of new CRNTIs for potential contention resolution in NR.
[bookmark: _Ref477890748]Proposal 6: 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, Msg 4 may carry assigned CRNTIs to UEs that are different from the T-CRNTI assigned in Msg 2. 

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: In a RACH region, 
· Single beam gNB: The number of preambles equals 1 and one preamble sequence consists of one or two OFDM symbols for lower RACH overhead; 
· Multi beam gNB: The number of preambles N ≥ 2 and one preamble sequence consists of one or two OFDM symbols for supporting gNB beam sweeping across preambles

Observation 2: For contention-based random access with multiple Msg.1 transmission, ambiguity problem can be solved by multiple Msg.2 transmission. For example, two stage Msg.2 transmission with RARs for one subset of the detected preambles in stage 1 Msg.2, and RARs for some/all of the remaining detected preambles in stage 2 Msg.2 after Msg.3 reception at gNB.
We propose that
Proposal 1: For multi-beam operation, NR supports configurable RACH resources associated with SS blocks or SS bursts. 
Proposal 2: For contention-free random access, multiple Msg. 1 transmissions over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window should be supported. 
Proposal 3: For the Msg. 1 retransmission, multiple transmissions before the RAR should be supported, and using the same ramped power for multiple transmission. 
Proposal 4: Support that Msg2 carries RACH occasion information on which the gNB receives the preamble of the UE. 
· UE selects the UL Tx beam for Msg3 based on the indicated RACH occasion information
Proposal 5: The waveform for Msg. 3 should be fixed to either CP-OFDM or DFT-s-OFDM. 
Proposal 6: 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, Msg 4 may carry assigned CRNTIs to UEs that are different from the T-CRNTI assigned in Msg 2.
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