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Background
The following was concluded in RAN1#89 meeting [1] (in the NR Ad-Hoc#2 meeting no agreements were made regarding RACH capacity)

	Conclusions (RAN1#89)
· Continue study on necessity of RACH capacity enhancement and possible solutions (if capacity enhancement is necessary) until next meeting with considering at least following aspects 
· Capacity limit due to short sequence length (e.g., which can be applied to beam sweeping)
· Capacity due to higher subcarrier spacing
· Supported cell radius as function of PRACH preamble reuse distance
· Capacity impact due to cell radius impact on Ncs
· Possibility to exploit spatial separation
· Arrival rate of UEs within a beam/cell




	Agreements (RAN1#89): 
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both



In chapter 2 we analyze the necessity of RACH capacity enhancement In chapter 3, we discuss PRACH design for beam management/recovery. 
RACH capacity enhancement
In RAN1#89 and in NR Ad-Hoc#2 meeting it was agreed to further study the necessity of RACH capacity enhancement for preamble formats using short sequence length (127 or 139). The sequence length of 127 is only considered if capacity enhancement will be needed. 

In order to analyze the needed RACH capacity we have formulated a challenging but realistic use case. the use case only focus on the high frequency layer where we expect to use the shorter preamble sequence length (127 or 139). We have listed our assumptions in Table 1:

[bookmark: _Ref484702100]Table 1: Challenging but realistic use case
	Item
	Value
	Comment

	Connection density / km2
	1000000
	From [2, section 7.17]. This number is the total number of connections which can be mapped to a number of frequency layers depending on device capacity and use case. In the below calculations we assume that all 1000000 connections are on the high frequency layer. 

	Cell size
	50 m
	Cell size for high frequency e.g 30GHz [2,section 6.1] 

	Bandwidth
	1 GHz (UL+DL)
	From [2, section 6.1]

	#Frequency bands used for PRACH 
	10
	Assumption that the total UL bandwidth can be divided in 10 parts. There can then be 10 frequency locations for PRACH transmissions.

	Preamble format
	0.25 ms long (12 symbols)
	Using SCS = 60kHz and format B4

	RACH occasions / s
	4000
	Up to 4000 occasions / s, based on the 0.25ms long preamble format. Note that shorter formats could be possible to use. This could allow for even more RACH occasions. 

	# UE TX beams
	8
	

	Beam correspondence
	50 % of UEs have beam correspondence
25 % of UEs have partial beam correspondence
25 % of UEs have no beam correspondence
	

	Average number of PRACH transmissions before successful attempt
	1.5 (with beam correspondence)
4 (partial beam correspondence)
8 (no beam correspondence)
	In the case of no beam correspondence, the average number of transmissions are based on the assumption that the UE selects a beam randomly (uniformly distributed between [1 8]) and using 2 power steps before switching beam. 4 = 8/2*2

	RACH functionality and load / UE
	Initial access: 1 every 10 min
Handover: 1 every 40s
Paging: 1 every 10min
Other SI: 1 every 10min
Total load: 1.8 attempt every 1 min
	For handover we assume 3 km/h and the UE need to make one handover every 40 s.



Based on the above assumptions we can make the following calculations:

Number of users / cell:

· 790 users / cell. The calculation is done as:
· 100000 (1000000 / 10) users / frequency layer / km2
· 127 cells / km2, based on 50m cell radius
· 790 = 100000 / 127 (users / cell)
Average number of PRACH transmissions
· 3.75 PRACH transmissions:
· 50% *1.5 + 25%*4 + 25%*8 = 3.75
· 50% for UEs with beam correspondence, using on average 1.5 attempts for successful RACH procedure
· 25% for UEs with partial beam correspondence, using on average 4 attempts for successful RACH procedure
· 25% for UEs with no beam correspondence, using on average 8 attempts for successful RACH procedure
Number of attempts / cell / s
· 89 attempts / cell / s, calculated as:
· 790 Users / cell
· 3.75 PRACH transmission / attempt
· 1.8 attempts / min or 1.8/60 = 0.03 attempts / s
· 89 = 790*3.75*0.03
Based on the above calculations we can see that using 64 preambles / RACH occasion will be sufficient. As there will on average be less than 100 attempts / cell / s and there could be at least up to 4000 possible RACH occasions / s.

Observation: As the expected cell radius for cells on a high frequency layer will be rather small, e.g. less than 50m, the number of users will not be that large. Even if the average number of PRACH transmissions will be higher compared to LTE due to beam switching the RACH capacity similar to LTE is still sufficient. 

Proposal 1: There is no need for RACH capacity enhancement in NR. Therefore a sequence length of 139 should be adopted for PRACH preambles. 
NR-PRACH design for beam management/recovery 
UE beam failure recovery mechanism includes the following aspects: beam failure detection, new candidate beam identification, beam failure recovery request transmission and UE monitors gNB response for beam failure recovery request.
UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met. Beam failure detection RS at least includes periodic CSI-RS for beam management.SS-block within the serving cell is also required for monitoring beam failure, when the DMRS of monitored control channel is spatial QCLed with certain SS block directly.
UE monitors beam identification RS to find a new candidate beam, and subsequently the new candidate beam is reported to gNB for beam recovery. Similarly, SS is still required to be used for identifying new candidate beam taking into account that SS block would have better spatial coverage than UE specific configured periodic CSI-RS, which might just covers partial space related with connected UE group. 

Proposal 2: In addition to periodic CSI-RS, SS-block within the serving cell can be configured for beam recovery, including beam failure detection and new candidate beam identification.

If the beam failure condition is met, the beam failure recovery request will transmit to gNB. Some information carried by beam failure recovery request may include the explicit/implicit information about identifying UE or new gNB TX beam information.
Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions can be used as the beam failure recovery request.
As the beam failure is unpredictable for UE and gNB, the request can’t be pre-arranged. In order to avoid the resource collision for request, the UE dedicated resource could be allocated and configured to UE by gNB. Depending on the overall random access situation, the resources for beam recovery request can be configured to be multiplexed with other RACH resources by FDM (as showed in Figure 1), TDM or CDM.



Figure 1: Resources of beam failure request can be configured to be frequency multiplexed with other PRACH resources.

Proposal 3: Beam failure request is based on the UE dedicated resource which is orthogonal to resources of PRACH by means of FDM, TDM or CDM.

If UE has dedicated PRACH configured by gNB, the beam failure recovery request signals can be transmitted on non-contention based channel based on PRACH. The information about identifying UE or new gNB TX beam should be carried by the beam failure request. The preamble sequence can be used as the index of UE identification. The request time and frequency resource can be associated with SS block, to represent the new gNB TX beam.
The PRACH for beam recovery should reuse the sequence and format of PRACH for original random access in NR Phase I, and the optimization if any should be left for NR Phase II.



Figure 2: Beam failure recovery request transmission through non-contention based channel based on PRACH, when UE is configured with non-contention based PRACH

Proposal 4: The information about identifying UE is carried by sequence of beam failure recovery request signal and the information about new gNB TX beam can be carried by time and frequency resource of the signal associated with the SS block.

As the information of identifying UE or new gNB TX beam can be carried by the preamble sequence index or time and frequency resource implicitly, there is no need to design a new type sequence. The PRACH preamble format can be reused for the request especially the short sequence. Some optimization of format can be further study.

Proposal 5: PRACH for beam recovery should reuse the sequence and format of PRACH for original random access.

As an unexpected event, UE and gNB cannot guarantee whether or when beam failure event occurs. If all UEs are allocated with dedicated resource for potential beam failure recovery request transmission, the whole overhead for beam recovery would be huge and might not be necessary. Therefore, the portion of UEs, e.g., entering DRX mode or having a higher NACK ratio within one observation window, is configured with dedicated resources associated with its ID. On the other side, other UEs would not have one dedicated resource, like sharing some UL resources within UE group, but have 4-step contention approach for beam failure recovery requesting. The contention-based approach can cover the UEs without the dedicated resource for request. Additionally it can be seemed as one kind of back off way if the contention-free request is failed.


Figure 3: Beam failure recovery request transmission through contention based channel of PRACH, when UE does not have the dedicated resources associated with UE ID
Proposal 6: Contention-based request is an important supplement to the contention-free beam failure request.

In order to support robust transmission, beam failure request signaling containing multiple candidate beams should be considered. The information indicating multiple beams can be transmitted through different PRACH resources or multiple CRIs, and each candidate beam would have certain blind detection windows for gNB response according to the pre-defined rules.
After receiving beam failure recovery request signalling, gNB should send confirmation signaling. In the case of contention-based request through PRACH-like channel, gNB will also send the UL schedule grant for the target UE. UE would send its information indicating its ID. 
Summary
Based on the previous agreements and the analysis in previous sections of this contribution we can make some conclusions and proposals:
Proposal 1: There is no need for RACH capacity enhancement in NR. Therefore a sequence length of 139 should be adopted for PRACH preambles.

Proposal 2: In addition to periodic CSI-RS, SS-block within the serving cell can be configured for beam recovery, including beam failure detection and new candidate beam identification.

Proposal 3: Beam failure request is based on the UE dedicated resource which is orthogonal to resources of PRACH by means of FDM, TDM or CDM.

Proposal 4: The information about identifying UE is carried by sequence of beam failure recovery request signal and the information about new gNB TX beam can be carried by time and frequency resource of the signal associated with the SS block.

Proposal 5: PRACH for beam recovery should reuse the sequence and format of PRACH for original random access.

Proposal 6: Contention-based request is an important supplement to the contention-free beam failure request.
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