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Introduction
In RAN1#87ah, the following agreements were made:
For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window
NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises

In RAN1#88bis, the following agreements were made:
· 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 NR-RACH 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 NR-RACH preamble indices, for determining Msg2 DL Tx beam
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is [64]
· The way the value of L is reflected in specification is FFS
· Down-select one of SCS options for RACH msg. 3 transmission 
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the RACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the RACH msg. 3
· Option 3: RAR can indicate the SCS of the RACH msg. 3 transmission 
· FFS the determination of the SCS for msg  1, 2, and 4


In RAN1#89 the following agreements were made:
· 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 NR-RACH 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
· UE distribution within cell

In RAN2#98, the following agreements where made
A single configuration for random access in idle mode is provided in minimum system information (pending RAN1 decision), but does not depend on the UE capabilities. This doesn’t restrict multiple configuration for different purposes (e.g. for multiple beam).   RAN2 understanding is that the numerology/physical layer configuration for each step is up to RAN1.
As in LTE:
1. After transmitting the RACH preamble, UE monitors for RAR in RAR window
2. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.
3. The size of RAR window is configurable 
4. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble 
 
In RAN1 NR Ad-Hoc#2, the following agreements where made
Agreements:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· i.e, RMSI information is common for all beams
Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 
Agreements:
· 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).

[bookmark: _Ref178064866]Configuration of the RACH procedure will be discussed in Section 2.  In Section 3, we discuss about messages 2 to 4 of the 4-step random access procedure. Physical design of the NR-RACH preamble is described in [1].
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If the gNB can identify which SS-block beamforming is best for the UE, then the same beamforming can be used for transmitting RAR and subsequent DL transmissions. This is especially useful when the RAR beamforming cannot be based on reciprocity from NR-RACH preamble reception. Systems based on FDD and scenarios with high interference levels are two examples in which a notification of best SS-block to gNB can be useful. With beamformed SS-block and an association between best received SS-block and NR-RACH preamble, the gNB receiving the NR-RACH preamble is informed about best received SS-block at the UE.
RACH configuration common for all SS-blocks
The UE selects randomly a preamble out of a set of configured NR-RACH preambles. 
This set of NR-RACH preamble sequences can be configured by
1. Preamble format
· See [1], for a list of possible NR-RACH preamble formats including sub-carrier spacings
2. Root sequence
· Value between 0 and length of Zadoff-Chu sequence minus one, e.g. RACH_ROOT_SEQUENCE as used in LTE [4]
3. Cyclic shift configuration
· Specify amount of cyclic shift of root sequence. Implicitly this parameter then also specifies the number of cyclic shifts to be used for each root sequence. See e.g. “zeroCorrelationZoneConfig” in table 5.7.2-2 of [4]
4. Time index
· Specification of when in a frame (or burst set periodicity) in which the UE can transmit a NR-RACH preamble. Can be specified in terms of slots, see [1]
5. Frequency allocation
· Position in frequency which can be absolute or in relation to detected SS-block
6. Start position within slot (OFDM symbol index)
· For example to be used for introducing a gap for PDCCH, see [1]
7. Number of NR-RACH preambles in one cell
· See [2] where the number of NR-RACH preambles in a cell is proposed to be configured by higher layers, typically in RMSI
Allocating NR-RACH preambles in a cell can be done in a similar way as done in LTE where the NR-RACH preambles are allocated first in order of cyclic shift and then in order of logical root index:
“There are 64 preambles available in each cell. The set of 64 preamble sequences in a cell is found by including first, in the order of increasing cyclic shift, all the available cyclic shifts of a root Zadoff-Chu sequence with the logical index RACH_ROOT_SEQUENCE, where RACH_ROOT_SEQUENCE is broadcasted as part of the System Information. Additional preamble sequences, in case 64 preambles cannot be generated from a single root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are found.”
An illustration of a few NR-RACH preamble formats from [1] is given in Figure 1.

[bookmark: _Ref480533473]Figure 1. NR-RACH preamble formats with SCS of 15 kHz
Relation between SS-blocks and random access configurations
Several NR-RACH preambles can be time multiplexed in a slot for NR-RACH preamble formats A0, A1, A2, A3, B0, B1, B2, B3, C0 and C1, see illustration in Figure 1. Then the NR-RACH preambles can be found from including not only cyclic shifts and root sequences, but also time allocations within a slot. Here, time allocations inside a slot provides better isolation between NR-RACH preambles than different root indices. Low correlation between NR-RACH preambles is especially important within a beam. This since NR-RACH preambles transmitted from different physical location (corresponding to different receiver beams) will have reduced correlations based on different spatial signatures. 
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By allocating NR-RACH preambles within each beam to different time allocations before using another sequence, the correlation between NR-RACH preambles used within a beam is reduced.
With an equal number of NR-RACH preambles associated with each SS-block in an SS-burst set, then the maximum number of NR-RACH preambles in each cell, denoted by , can be written as  where  is the maximum number of SS-blocks and  is the number of NR-RACH preambles associated to each SS-block. 
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Note that if less than L SS-blocks is used by the eNB in a cell, then the number of NR-RACH preambles will also be reduced. In RAN1 NR Ad-Hoc#2 it was agreed to further study if to use the actually transmitted SS blocks or the maximum number (L) in this mapping. We think that the mapping can be the same, just that no UE will use those preambles which corresponds to not transmitted SSBs. For active UEs, the actual transmitted SSBs is known, such that the UE can derive which RACH preamble resources which are used (such that the any PUSCH granted here should be punctured), and which PRACH allocations that are unused (such that any PUSCH granted here should not be punctured).
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A somewhat straightforward approach of associating NR-RACH preambles to SS-blocks is to consequently map  NR-RACH preambles to each SS-block, such that the first SS-block is associated with NR-RACH preambles  with the set of  NR-RACH preambles in the cell, the second SS-block with , and so on.
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Mapping without time separation of NR-RACH preambles
A mapping between SS-blocks and NR-RACH preambles can be defined with an approach which is similar as in LTE.
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	1.	the available cyclic shifts of a root Zadoff-Chu sequence
	2.	increasing time allocation within a slot
	3.	increasing root index
	4.	increasing frequency allocation
	5.	increasing slot index

Here, the number of cyclic shifts to include is configured in a similar way as in LTE where a “zeroCorrelationZoneConfig” is used, see table 5.7.2-2 in [4]. The time allocation in a slot depends on NR-RACH preamble format where different number of time shifted NR-RACH preambles fit into one slot depending on length of each NR-RACH preamble, see Figure 1. For Zadoff-Chu sequences of length , the number of sequnces equals , such that sequences of length 71 results in 70 available root sequences and a length of 139 results in 138 root sequences. 

Mapping with time separation of NR-RACH preambles
The mapping from SS blocks to NR-RACH preambles according to Error! Reference source not found. and Proposal 3 results in a very compact allocation of NR-RACH preambles. Here, the preambles in one time interval will corresponds to several different SS-blocks. This might be an issue if the gNB only have analog beamforming for the NR-RACH preamble detector. With analog beamforming, the NR_RACH preamble detector can only receive signals in one spatial direction in each time interval. 
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	1.	the available cyclic shifts of a root Zadoff-Chu sequence
	2.	increasing root index 
	3.	increasing time allocation within a slot 
	4.	increasing slot index
	5.	increasing frequency allocation
Two examples of mappings are given below, with one example for high carrier frequency and one example for low carrier frequency. For each example, both a mapping with and without time separation of NR-PRACH preambles are given. From these examples, the mapping with time separation requires much more time and frequency resources than without time separation
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Example high carrier frequency
As an example, consider a carrier frequency for which the maximum number of SS-blocks equals 64. This maximum number of SS-blocks might be used above 6 GHz according to agreements from RAN1#88bis. For these carrier frequencies, a small cell size can also be assumed, such that NR-RACH preamble formats with shorter NR-RACH preambles and small guard time can be used.
Assume a configuration with 8 NR-RACH preambles per SS-block such that  NR-RACH preambles are defined per cell, see [1] for a discussion about number of preambles in a cell. For example, NR-RACH preambles can be constructed by 
· 2 cyclic shifts per NR-RACH preamble, 
· 7 NR-RACH preambles per slot (i.e. format A1 in Figure 1), 
· 138 root sequences (i.e. Zadoff-Chu of length 139), and 
· 1 frequency allocation, 
resulting in  NR-RACH preambles which is significantly more than the required 512 NR-RACH preambles.
An illustration of non-time separated NR-RACH preambles is given in Figure 2, where arrows indicate the mappings from SS-blocks to NR-RACH preamble resources. Here, the order of mapping is done as in Error! Reference source not found., i.e. in the order cyclic shifts, increasing time allocation within a slot, increasing root index, increasing frequency allocation and increasing slot index. The first SS-block 0, is using 2 cyclic shifts of 4 time positions of the NR-RACH preamble. The second SS block 1, also use 2 cyclic shifts but starting at the 5th multiplexed NR-RACH preamble. Here the 5th, 6th, 7th and 1st  multiplexed NR-RACH preambles are used, but where another root sequence is used for the 1st multiplexed NR-RACH preamble as compared to SS block 0.

[bookmark: _Ref480527165]Figure 2. Mapping between SS-blocks to NR-RACH preambles (without time separation) for high carrier frequency
An illustration of time separated NR-RACH preambles is given in Figure 3, where arrows indicate the mappings from SS-blocks to NR-RACH preamble resources. Here, the order of mapping is done as in Proposal 6, i.e. in the order cyclic shifts, increasing root index, increasing time allocation within a slot, increasing slot index, and increasing frequency allocation. The first SS-block 0, is using 2 cyclic shifts of 4 root sequences of the NR-RACH preamble. The second SS block 1, also use 2 cyclic shifts and 4 sequnces but in the 2nd multiplexed NR-RACH preamble. In the same way, the third SS block is mapped to the 3rd time multiplexed NR-RACH preamble until the 7th SS block when all possible time multiplexed NR-RACH preambles within one slot and frequency allocation is used. The 8th SS block is thus mapped to another slot but can again use the 1st time multiplexed NR-RACH preamble position within this second slot. For 64 preambles, an allocation of 9 full slots and 2 OFDM symbols of a 10th slot is thus needed

[bookmark: _Ref489943365]Figure 3. Mapping between SS-blocks to NR-RACH preambles (with time separation) for high carrier frequency
Example low carrier frequency
Consider an example with 4 SS-blocks, as might be used for lower carrier frequencies according to agreements in RAN1#88bis. Assume high capacity such that 64 NR-RACH preambles are associated to each SS-block resulting in 256 NR-RACH preambles in the cell, see [1] for a discussion about number of preambles in a cell.
These 256 NR-RACH preambles can then be constructed by 
· 1 cyclic shifts
· 1 NR-RACH preamble per slot (e.g. 14 OFDM symbols/preamble, i.e. format B4 in Figure 1)
· 138 root sequences (i.e. Zadoff-Chu of length 139)
· 2 frequency allocations
The maximum number of NR-RACH preambles with this configuration equals 1*1*138*2=276 which is larger than the required 256 NR-RACH preambles in the cell. 
An illustration of the mapping from SS-blocks to NR-RACH preambles is give in Figure 4 without time separation. Here, first SS-block 0, is using 1 cyclic shifts of 1 time positions of the NR-RACH preamble and 64 root sequences. The second SS block 1, also use 1 cyclic shifts of 1 time position of the NR-RACH preamble but different 64 root sequences as compared to SS block 0. The SS block 3 use remaining 10 root sequences at the same time and frequency allocation as SS block 0 and 1, in addition to 54 root sequences at another frequency allocation.


[bookmark: _Ref480527130]Figure 4. Mapping between SS-blocks to NR-RACH preambles (without time separation) for low carrier frequency
An illustration of the mapping from SS-blocks to NR-RACH preambles is give in Figure 4, with time separation of NR-PRACH preambles. Here, first SS-block 0, is using 1 cyclic shifts of 1 time positions of the NR-RACH preamble and 64 root sequences. The second SS block 1, also use 1 cyclic shifts of 1 time position of the NR-RACH preamble but in another slot as compared to SS block 0. The SS block 2 and 3 use a third and a fourth slot.


Figure 5. Mapping between SS-blocks to NR-RACH preambles (with time separation) for low carrier frequency

Configurable use of reciprocity in UE
Reciprocity (and use of reciprocal spatial QCL) in UE between received SS-block and NR-RACH preamble transmission should not always be used, even if the UE is capable of beam correspondence. Examples are silent nodes, where at least one gNB is not transmitting SS-blocks but can detect NR-RACH preambles, and within heterogeneous networks where the transmit powers differs between several gNBs transmitting SS-blocks, see illustration in Figure 6. 

[bookmark: _Ref480543815]Figure 6. Heterogeneous network
In these cases, the UE which is transmitting NR-RACH preambles based on beam correspondence and reciprocal spatial QCL from received SS-blocks, might transmit the NR-RACH preamble with a transmit power and with a beamforming in a non-reciprocal direction such that it is not detected at the node with best uplink link budget to the UE. In those scenarios, it is most likely better if the UE transmits the NR-RACH preamble with an as wide beam as possible instead of a narrow beam in the direction in which it received the SS-block. A configuration parameter can be included in a broadcast channel (indicating if the UE should transmit NR-RACH preambles based on reciprocity from received SS-block (if the UE is capable of doing that) or if the UE should use as wide beam as possible. This configuration can be included in Remaining System Information, RMSI,  or in any other additional system information provided to UE as part of the RACH configuration.
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[bookmark: _Ref489617218]Message 2, 3 and 4
Random access procedure is used for initial system access, transition from idle to active mode, and handover. It is a critical part of an efficient cellular network design. 
A proposed design for the NR 4-step random access procedure is illustrated in Figure 7. Here, two synchronization signals (SS) blocks (SSBs) are transmitted from separate nodes (gNB A and B), and received with a relative timing difference. 
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[bookmark: _Ref485385985]Figure 7 Uplink and downlink synchronization in 4-step initial access procedure 
The UE selects a DL timing reference based on received SS block from gNB A and transmits a NR-RACH preamble based on this DL timing. See [1] for details about NR-RACH preamble design. Both gNB A and gNB B might detect RACH such that gNBs might then transmit RAR or the nodes might be coordinated such that only one of them transmits RAR. In the following, we only describe the case when only gNB B transmits the RAR.
The random access procedure for NR should reuse the main principles of the LTE design. However, since a wider range of deployment scenarios and increased requirements on lean design are expected, some changes to the legacy procedures are necessary. In particular, RACH transmission principles need refinement.  In this contribution Msg2 will be referred as RAR (random access response). 
RAR functionality
Due to propagation delay, the NR-RACH preamble is received with a timing offset relative to SS block in gNB B in Figure 7. The gNB B then estimates this timing offset and prepares a RAR containing a timing advance (TA) command. A UE might have to be able to receive RAR in a somewhat large timing uncertainty interval compared to ordinary DL data channels. Reasons for large timing offset between received SS block and RAR (using UE perspective) may for example be:
1. Low SNR for SS block especially without beamforming of SS block 
1. Different gNBs for SS block and RAR especially in the case of silent gNBs and for heterogeneous networks
1. The distance of 1 km between two gNBs corresponds to a round trip time of 3.3 𝜇𝑠. This should be compared to a cyclic prefix of approximately 4 𝜇𝑠
1. [bookmark: _Ref485385816]Non-synchronized gNBs
1. SFN (Single Frequency Network) type of SS block transmission
3. e.g. in deployments where SS block is distributed using SFN transmission and RAR is transmitted from a single node, the time or frequency reference obtained from SS may degrade performance, e.g. due to the fact that the delay spread of the SFN channel may use up substantial parts of the CP region.
1. [bookmark: _Toc466011343][bookmark: _Toc465931488][bookmark: _Toc463005037][bookmark: _Toc463005034][bookmark: _Toc458666730][bookmark: _Toc458410443][bookmark: _Toc458171459][bookmark: _Toc480372301][bookmark: _Toc480463528][bookmark: _Toc480786719][bookmark: _Toc480786953][bookmark: _Toc480787735][bookmark: _Toc480880118][bookmark: _Toc480892114][bookmark: _Toc480892818][bookmark: _Toc481494626][bookmark: _Toc481498343][bookmark: _Toc481498755][bookmark: _Toc481510982][bookmark: _Toc481675723][bookmark: _Toc481675822][bookmark: _Toc481742528][bookmark: _Toc484599292][bookmark: _Toc484697445][bookmark: _Toc484936324][bookmark: _Toc485102802][bookmark: _Toc485105458][bookmark: _Toc485189422][bookmark: _Toc485385929][bookmark: _Toc485386202][bookmark: _Toc485386288][bookmark: _Toc485413093][bookmark: _Toc489611393][bookmark: _Toc489617408][bookmark: _Toc489943340][bookmark: _Toc490048919][bookmark: _Toc490048949][bookmark: _Toc490128832][bookmark: _Toc490128886][bookmark: _Toc490209309][bookmark: _Toc490209616][bookmark: _Toc490209730][bookmark: _Toc490209833]The RAR might arrive to the UE with a large timing uncertainty
1. [bookmark: _Toc480463529][bookmark: _Toc480786720][bookmark: _Toc480786954][bookmark: _Toc480787736][bookmark: _Toc480880119][bookmark: _Toc480892115][bookmark: _Toc480892819][bookmark: _Toc481494627][bookmark: _Toc481498344][bookmark: _Toc481498756][bookmark: _Toc481510983][bookmark: _Toc481675724][bookmark: _Toc481675823][bookmark: _Toc481742529][bookmark: _Toc484599293][bookmark: _Toc484697446][bookmark: _Toc484936325][bookmark: _Toc485102803][bookmark: _Toc485105459][bookmark: _Toc485189423][bookmark: _Toc485385930][bookmark: _Toc485386203][bookmark: _Toc485386289][bookmark: _Toc485413094][bookmark: _Toc489611394][bookmark: _Toc489617409][bookmark: _Toc489943341][bookmark: _Toc490048920][bookmark: _Toc490048950][bookmark: _Toc490128833][bookmark: _Toc490128887][bookmark: _Toc490209310][bookmark: _Toc490209617][bookmark: _Toc490209731][bookmark: _Toc490209834]The physical channel for RAR might be different compared to the ordinary DL data channels, since this RAR might be received with large timing uncertainty. 
The RAR typically should convey the following payload (up to 80-100 bits):
· Detected NR-RACH preamble index such as acknowledgement of NR-RACH preamble
· Timing Advance (TA) command to UE
· Uplink scheduling grant to UE
· Temporary identity (e.g. TC-RNTI)
· Configuration of additional synchronization signals if needed (further study needed)
· Back off Indicator (BI) (further study needed)
[bookmark: _Hlk490118081]Similar to LTE, we propose that in NR, RAR message must be able to carry several detected preambles. Same PDCCH and common DMRS can be used with RAR containing above payload for several preambles, leading to a flexible payload size. 
[bookmark: _Toc481498353][bookmark: _Toc481498762][bookmark: _Toc481510987][bookmark: _Toc481675729][bookmark: _Toc481675744][bookmark: _Toc481675761][bookmark: _Toc481675827][bookmark: _Toc481675844][bookmark: _Toc481675858][bookmark: _Toc481675899][bookmark: _Toc481675913][bookmark: _Toc481675973][bookmark: _Toc481676482][bookmark: _Toc481742533][bookmark: _Toc484599300][bookmark: _Toc484697454][bookmark: _Toc484936332][bookmark: _Toc485102779][bookmark: _Toc485105467][bookmark: _Toc485105524][bookmark: _Toc485105857][bookmark: _Toc485189380][bookmark: _Toc485189436][bookmark: _Toc485189496][bookmark: _Toc485189571][bookmark: _Toc485385937][bookmark: _Toc485386210][bookmark: _Toc485386267][bookmark: _Toc485413150][bookmark: _Toc485413521][bookmark: _Toc485413623][bookmark: _Toc485413840][bookmark: _Toc489611400][bookmark: _Toc489617420][bookmark: _Toc489943352][bookmark: _Toc490048933][bookmark: _Toc490048963][bookmark: _Toc490124675][bookmark: _Toc490124698][bookmark: _Toc490124736][bookmark: _Toc490124917][bookmark: _Toc490125196][bookmark: _Toc490125245][bookmark: _Toc490125313][bookmark: _Toc490128846][bookmark: _Toc490128869][bookmark: _Toc490209323][bookmark: _Toc490209630][bookmark: _Toc490209744][bookmark: _Toc490209845]Design the physical channel carrying RAR that supports a flexible payload size. 
[bookmark: _Toc490124676][bookmark: _Toc490124699][bookmark: _Toc490124737][bookmark: _Toc490124918]MAC aspects of RAR with respect to multiplexing and more details are discussed in [5]. Besides carrying the payload, gNB needs to distinguish RARs sent to different UEs. 

[bookmark: _Hlk485299879]In LTE, RAR is carried over PDCCH and PDSCH. In NR, there are cases, as explained above, with large timing offset between received SS block and RAR, where the synchronization signal in SSB may not be sufficient for receiving RAR. In case of SFN transmission of SSB, and depending on the instantaneous fading realization, a large timing mismatch for RAR reception may occur. Additionally, the Doppler difference with respect to the RAR-transmitting TRP and the dominant TRP in the SFN profile may exceed a critical fraction of the SCS and also degrade NR-PDCCH reception. These effects are discussed in more detail in [6] where we show that a timing offset of possibly over 12 us compared to the tolerable 1.2 us, and a 1.2 kHz frequency  offset, challenging for simple OFDM receivers, is created in the given examples. With such timing and frequency offsets, the NR-PDCCH detection performance will deteriorate. A silent node deployment scenario may cause timing errors up to 6.6 us to the closest pico node in an example deployment, also significantly degrading NR-PDCCH reception. 
[bookmark: _Toc485122757][bookmark: _Toc485148413][bookmark: _Toc485294688][bookmark: _Toc485385931][bookmark: _Toc485386204][bookmark: _Toc485386290][bookmark: _Toc485413095][bookmark: _Toc489611395][bookmark: _Toc489617410][bookmark: _Toc489943342][bookmark: _Toc490048921][bookmark: _Toc490048951][bookmark: _Toc490128834][bookmark: _Toc490128888][bookmark: _Toc490209311][bookmark: _Toc490209618][bookmark: _Toc490209732][bookmark: _Toc490209835]In some deployments, NR-PDCCH carrying RAR may not be reliably received using SSB as the sync source. 
[bookmark: _Hlk485299957]Similar problems can arise in paging and additional system information (RMSI) distribution. Instead of individually addressing all scenarios where sync for NR-PDCCH reception is insufficient, the problem should be solved by introducing an additional flexibly configurable sync signal. Such a signal can be transmitted in close vicinity to NR-PDCCH when required by the deployment or a specific configuration. In [4], we further discuss using a signal similar to NR-PSS for such flexible sync provision.
[bookmark: _Ref481483509][bookmark: _Toc481494632][bookmark: _Toc481498354][bookmark: _Toc481498763][bookmark: _Toc481510988][bookmark: _Toc481675730][bookmark: _Toc481675745][bookmark: _Toc481675762][bookmark: _Toc481675828][bookmark: _Toc481675845][bookmark: _Toc481675859][bookmark: _Toc481675900][bookmark: _Toc481675914][bookmark: _Toc481675974][bookmark: _Toc481676483][bookmark: _Toc481742534][bookmark: _Toc484599301][bookmark: _Toc484697455][bookmark: _Toc484936333][bookmark: _Toc485102780][bookmark: _Toc485105468][bookmark: _Toc485105525][bookmark: _Toc485105858][bookmark: _Toc485189381][bookmark: _Toc485189437][bookmark: _Toc485189497][bookmark: _Toc485189572][bookmark: _Toc485385938][bookmark: _Toc485386211][bookmark: _Toc485386268][bookmark: _Toc485413151][bookmark: _Toc485413522][bookmark: _Toc485413624][bookmark: _Toc485413841][bookmark: _Toc489611401][bookmark: _Toc489617421][bookmark: _Toc489943353][bookmark: _Toc490048934][bookmark: _Toc490048964][bookmark: _Toc490124677][bookmark: _Toc490124700][bookmark: _Toc490124738][bookmark: _Toc490124919][bookmark: _Toc490125197][bookmark: _Toc490125246][bookmark: _Toc490125314][bookmark: _Toc490128847][bookmark: _Toc490128870][bookmark: _Toc490209324][bookmark: _Toc490209631][bookmark: _Toc490209745][bookmark: _Toc490209846]The physical channel carrying RAR can be configured with an additional synchronization signal for time and frequency synchronization.
[bookmark: _Toc480880122][bookmark: _Toc480892118][bookmark: _Toc480372300][bookmark: _Toc480463525][bookmark: _Toc480786725][bookmark: _Toc480786959][bookmark: _Toc480787741][bookmark: _Toc480880123][bookmark: _Toc480892119][bookmark: _Toc480892815][bookmark: _Toc481494635][bookmark: _Toc458171461][bookmark: _Toc458410446][bookmark: _Toc458666733][bookmark: _Toc463005035][bookmark: _Toc463005038][bookmark: _Toc465931489][bookmark: _Toc466011344][bookmark: _Toc470184183][bookmark: _Toc471119224][bookmark: _Toc471119350][bookmark: _Toc471120118][bookmark: _Toc471281524][bookmark: _Toc471301579][bookmark: _Toc471372420][bookmark: _Toc471713215][bookmark: _Toc473890387][bookmark: _Toc474141333][bookmark: _Toc477424606][bookmark: _Toc477427238][bookmark: _Toc477427385][bookmark: _Toc477427623][bookmark: _Toc480372294]As soon as the UE receives RAR, it adjusts its UL timing based upon the TA command. Since the proposed RAR can contain an additional reference signal, it can also adjust its DL timing, as illustrated in Figure 7.  Therefore, this RAR design with an additional reference signal is useful both for DL synchronization and demodulation of the RAR payload.
Quasi Co-location
Since the SS-block might be transmitted by another node as compared to RAR, the UE should in some cases not assume any QCL (Quasi Co-Location) of SS-block and RAR. Preferably, the use of QCL between SS-block and RAR is indicated in the PRACH configuration. The QCL parameters include Doppler shift, Doppler spread, delay spread, average delay, and spatial QCL.
[bookmark: _Toc485413152][bookmark: _Toc485413523][bookmark: _Toc485413625][bookmark: _Toc485413842][bookmark: _Toc489611402][bookmark: _Toc489617422][bookmark: _Toc489943354][bookmark: _Toc490048935][bookmark: _Toc490048965][bookmark: _Toc490124678][bookmark: _Toc490124701][bookmark: _Toc490124739][bookmark: _Toc490124920][bookmark: _Toc490125198][bookmark: _Toc490125247][bookmark: _Toc490125315][bookmark: _Toc490128848][bookmark: _Toc490128871][bookmark: _Toc490209325][bookmark: _Toc490209632][bookmark: _Toc490209746][bookmark: _Toc490209847][bookmark: _Toc477427624][bookmark: _Toc477427386][bookmark: _Toc477427239][bookmark: _Toc480372295][bookmark: _Toc480463526][bookmark: _Toc480786726][bookmark: _Toc480786960][bookmark: _Toc480787742][bookmark: _Toc480880124][bookmark: _Toc480892120][bookmark: _Toc480892816][bookmark: _Toc481494636][bookmark: _Toc481498357][bookmark: _Toc481498765][bookmark: _Toc481510990][bookmark: _Toc481675732][bookmark: _Toc481675747][bookmark: _Toc481675764][bookmark: _Toc481675830][bookmark: _Toc481675847][bookmark: _Toc481675861][bookmark: _Toc481675902][bookmark: _Toc481675916][bookmark: _Toc481675976][bookmark: _Toc481676485][bookmark: _Toc481742536][bookmark: _Toc484599303][bookmark: _Toc484697457][bookmark: _Toc484936335][bookmark: _Toc485102782][bookmark: _Toc485105470][bookmark: _Toc485105527][bookmark: _Toc485105860][bookmark: _Toc485189383][bookmark: _Toc485189439][bookmark: _Toc485189499][bookmark: _Toc485189574][bookmark: _Toc485385939][bookmark: _Toc485386212][bookmark: _Toc485386269]The UE is informed of whether it can assume QCL (with regards to Doppler shift, Doppler spread, delay spread, average delay, and spatial QCL) between SS-block and RAR in the PRACH configuration 
Several RAR 
The gNB should transmit the RAR in the same beam as the SS-block when the UE is configured for spatial QCL between RAR and SS-block. In cases when the SS-block and the RAR are not spatial QCL, the gNB might transmit a RAR corresponding to one detected NR-RACH preamble in several spatial beams. By using several beams in the transmitter of the gNB, the probability for correct detection of the RAR increases. These RAR, for the same detected NR-RACH preamble, might be transmitted at different time intervals but anyway indicate the same message 3, by the decision in RAN1#87: “UL grant in message 2 may indicate the transmission timing of message 3”.
[bookmark: _Toc485189425][bookmark: _Toc485385932][bookmark: _Toc485386205][bookmark: _Toc485386291][bookmark: _Toc485413096][bookmark: _Toc489611396][bookmark: _Toc489617411][bookmark: _Toc489943343][bookmark: _Toc490048922][bookmark: _Toc490048952][bookmark: _Toc490128835][bookmark: _Toc490128889][bookmark: _Toc490209312][bookmark: _Toc490209619][bookmark: _Toc490209733][bookmark: _Toc490209836]Several RAR corresponding to the same detected NR-RACH preamble might be transmitted from gNB with different beams, which increase RAR detection rate
If a UE receives and decodes several RAR corresponding to the transmitted NR-RACH preamble, then the UE must select one of these RAR. This selection might for example be based on received signal strength or SNR of the DMRS associated with RAR
[bookmark: _Toc485189384][bookmark: _Toc485189440][bookmark: _Toc485189500][bookmark: _Toc485189575][bookmark: _Toc485385940][bookmark: _Toc485386213][bookmark: _Toc485386270][bookmark: _Toc485413153][bookmark: _Toc485413524][bookmark: _Toc485413626][bookmark: _Toc485413843][bookmark: _Toc489611403][bookmark: _Toc489617423][bookmark: _Toc489943355][bookmark: _Toc490048936][bookmark: _Toc490048966][bookmark: _Toc490124679][bookmark: _Toc490124702][bookmark: _Toc490124740][bookmark: _Toc490124921][bookmark: _Toc490125199][bookmark: _Toc490125248][bookmark: _Toc490125316][bookmark: _Toc490128849][bookmark: _Toc490128872][bookmark: _Toc490209326][bookmark: _Toc490209633][bookmark: _Toc490209747][bookmark: _Toc490209848]If a UE detects several RAR, then the UE select one of these RAR based on received DMRS associated to RAR
[bookmark: _Ref480786830]RAR Window
Aspects of message 2 (RAR) such as relation to multiple preamble transmissions and configurations of RAR window are discussed in this section. Also see the companion contribution in RAN2 [3]. 
Multiple Preamble Transmissions
In RAN2#98, the following was agreed regarding the multiple preamble transmission of random access procedure:
1. For beamforming RAN2 discussed the multiple preamble transmission. RAN2 expects RAN1 to make the final decision on whether multiple preamble transmission is beneficial before RAR reception.
according to the LS in [7]. 
The main scenario where multiple preamble transmissions before the end of the RAR window would be needed is for UEs which do not support Rx/Tx reciprocity. These UEs cannot determine their best UL Tx beam based on their best Rx beam. In case these UEs would transmit a narrow beam in the wrong direction, it may not be detected by the gNB. It should be noted that also UEs not supporting Rx/Tx reciprocity can transmit a wide beam which could, at least after some power ramping, in most cases be detected by the gNB. 
Other situations where this could be used have also been discussed such as to increase the detection probability for preamble transmissions.
Using multiple preamble transmissions before the end of the RAR window also comes with several drawbacks. It would for example increase the preamble collision probability and increase the interference compared to if each UE would be limited to one preamble such as in LTE. If it would be allowed to send more than one preamble before the end of the RAR window it could be expected that it would be used also by UEs with Rx/Tx reciprocity to increase the detection probability. This could lead to worse system performance due to increased RACH load, preamble collisions, increased interference, and increased complexity in random access procedure. It would therefore be beneficial that the use of multiple preamble transmissions before the end of the RAR window should be limited to cases where it is necessary for a successful random access.
[bookmark: _Toc481505918][bookmark: _Toc481675726][bookmark: _Toc481675825][bookmark: _Toc481742531][bookmark: _Toc484599295][bookmark: _Toc484697448][bookmark: _Toc484936327][bookmark: _Toc485102805][bookmark: _Toc485105461][bookmark: _Toc485189426][bookmark: _Toc485385933][bookmark: _Toc485386206][bookmark: _Toc485386292][bookmark: _Toc485413097][bookmark: _Toc489611397][bookmark: _Toc489617412][bookmark: _Toc489943344][bookmark: _Toc490048923][bookmark: _Toc490048953][bookmark: _Toc490128836][bookmark: _Toc490128890][bookmark: _Toc490209313][bookmark: _Toc490209620][bookmark: _Toc490209734][bookmark: _Toc490209837]For system performance, it is beneficial if the use of multiple preamble transmissions is limited to cases where it is really necessary.
To make it less appealing to transmit multiple preambles (for other use cases than for UL beam sweeping) one way is to not allow it until an ordinary power ramping up to maximum allowed power has been completed. This would limit the use to only cases when the UEs cannot access without UL beam sweeping. Also, non Rx/Tx reciprocity capable UEs would then first try to access with a wide beam and power ramping before resorting to beam sweeping using multiple preamble transmissions before the end of the RAR window. 
[bookmark: _Toc481505912][bookmark: _Toc481675734][bookmark: _Toc481675749][bookmark: _Toc481675766][bookmark: _Toc481675832][bookmark: _Toc481675849][bookmark: _Toc481675863][bookmark: _Toc481675904][bookmark: _Toc481675918][bookmark: _Toc481675978][bookmark: _Toc481676487][bookmark: _Toc481742538][bookmark: _Toc484599305][bookmark: _Toc484697459][bookmark: _Toc484936336][bookmark: _Toc485102783][bookmark: _Toc485105471][bookmark: _Toc485105528][bookmark: _Toc485105861][bookmark: _Toc485189385][bookmark: _Toc485189441][bookmark: _Toc485189501][bookmark: _Toc485189576][bookmark: _Toc485385941][bookmark: _Toc485386214][bookmark: _Toc485386271][bookmark: _Toc485413154][bookmark: _Toc485413525][bookmark: _Toc485413627][bookmark: _Toc485413844][bookmark: _Toc489611404][bookmark: _Toc489617424][bookmark: _Toc489943356][bookmark: _Toc490048937][bookmark: _Toc490048967][bookmark: _Toc490124680][bookmark: _Toc490124703][bookmark: _Toc490124741][bookmark: _Toc490124922][bookmark: _Toc490125200][bookmark: _Toc490125249][bookmark: _Toc490125317][bookmark: _Toc490128850][bookmark: _Toc490128873][bookmark: _Toc490209327][bookmark: _Toc490209634][bookmark: _Toc490209748][bookmark: _Toc490209849]Transmission of multiple preambles before the end of the RAR window is only allowed after ordinary power ramping has reached maximum power.
To define an unambiguous RA procedure, the gNB needs to know which preambles belong to the same UE and RA attempt. This can be accomplished by defining a set of RACH time and frequency resources to be used for multiple preamble transmissions.
[bookmark: _Toc481505913][bookmark: _Toc481675735][bookmark: _Toc481675750][bookmark: _Toc481675767][bookmark: _Toc481675833][bookmark: _Toc481675850][bookmark: _Toc481675864][bookmark: _Toc481675905][bookmark: _Toc481675919][bookmark: _Toc481675979][bookmark: _Toc481676488][bookmark: _Toc481742539][bookmark: _Toc484599306][bookmark: _Toc484697460][bookmark: _Toc484936337][bookmark: _Toc485102784][bookmark: _Toc485105472][bookmark: _Toc485105529][bookmark: _Toc485105862][bookmark: _Toc485189386][bookmark: _Toc485189442][bookmark: _Toc485189502][bookmark: _Toc485189577][bookmark: _Toc485385942][bookmark: _Toc485386215][bookmark: _Toc485386272][bookmark: _Toc485413155][bookmark: _Toc485413526][bookmark: _Toc485413628][bookmark: _Toc485413845][bookmark: _Toc489611405][bookmark: _Toc489617425][bookmark: _Toc489943357][bookmark: _Toc490048938][bookmark: _Toc490048968][bookmark: _Toc490124681][bookmark: _Toc490124704][bookmark: _Toc490124742][bookmark: _Toc490124923][bookmark: _Toc490125201][bookmark: _Toc490125250][bookmark: _Toc490125318][bookmark: _Toc490128851][bookmark: _Toc490128874][bookmark: _Toc490209328][bookmark: _Toc490209635][bookmark: _Toc490209749][bookmark: _Toc490209850]A special set of RACH time and frequency resources is configured for multiple preamble transmissions
The RACH resources for multiple preamble transmissions should be specified with a first transmission occasion and several repetitions. These could be indicated via a set of SFN/slot/subframe indices that allow RACH transmission similar to RACH configurations in LTE (see Table 5.7.1-2 in TS 36.211). An example is shown in Figure 8, where even numbered time indices are reserved for RACH transmission occasions and odd numbered time indices (after the RAR window start) are reserved for RAR transmission. 
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[bookmark: _Ref485386093]Figure 8. Example of RACH and RAR configuration.
[bookmark: _Toc481505914][bookmark: _Toc481675736][bookmark: _Toc481675751][bookmark: _Toc481675768][bookmark: _Toc481675834][bookmark: _Toc481675851][bookmark: _Toc481675865][bookmark: _Toc481675906][bookmark: _Toc481675920][bookmark: _Toc481675980][bookmark: _Toc481676489][bookmark: _Toc481742540][bookmark: _Toc484599307][bookmark: _Toc484697461][bookmark: _Toc484936338][bookmark: _Toc485102785][bookmark: _Toc485105473][bookmark: _Toc485105530][bookmark: _Toc485105863][bookmark: _Toc485189387][bookmark: _Toc485189443][bookmark: _Toc485189503][bookmark: _Toc485189578][bookmark: _Toc485385943][bookmark: _Toc485386216][bookmark: _Toc485386273][bookmark: _Toc485413156][bookmark: _Toc485413527][bookmark: _Toc485413629][bookmark: _Toc485413846][bookmark: _Toc489611406][bookmark: _Toc489617426][bookmark: _Toc489943358][bookmark: _Toc490048939][bookmark: _Toc490048969][bookmark: _Toc490124682][bookmark: _Toc490124705][bookmark: _Toc490124743][bookmark: _Toc490124924][bookmark: _Toc490125202][bookmark: _Toc490125251][bookmark: _Toc490125319][bookmark: _Toc490128852][bookmark: _Toc490128875][bookmark: _Toc490209329][bookmark: _Toc490209636][bookmark: _Toc490209750][bookmark: _Toc490209851]The RACH resources for multiple preamble transmissions has a first transmission occasion and a configurable number of repetitions
When the UE receives the RAR transmission, it will stop preamble transmissions. This enables the gNB to prevent the UE from sending more preambles than are needed to find a good enough beam. Since the number of preamble transmissions needed to find a good enough beam depends on the beam width, the beam sweeping pattern and the direction the UE tries first, it is plausible that the UE will not need to transmit in all the repetitions. Hence, by stopping the UE from sending additional preambles when it receives the RAR, unnecessary preamble transmissions are avoided.
[bookmark: _Toc481505916][bookmark: _Toc481675739][bookmark: _Toc481675754][bookmark: _Toc481675771][bookmark: _Toc481675837][bookmark: _Toc481675854][bookmark: _Toc481675868][bookmark: _Toc481675909][bookmark: _Toc481675923][bookmark: _Toc481675983][bookmark: _Toc481676492][bookmark: _Toc481742543][bookmark: _Toc484599310][bookmark: _Toc484697464][bookmark: _Toc484936339][bookmark: _Toc485102786][bookmark: _Toc485105474][bookmark: _Toc485105531][bookmark: _Toc485105864][bookmark: _Toc485189388][bookmark: _Toc485189444][bookmark: _Toc485189504][bookmark: _Toc485189579][bookmark: _Toc485385944][bookmark: _Toc485386217][bookmark: _Toc485386274][bookmark: _Toc485413157][bookmark: _Toc485413528][bookmark: _Toc485413630][bookmark: _Toc485413847][bookmark: _Toc489611407][bookmark: _Toc489617427][bookmark: _Toc489943359][bookmark: _Toc490048940][bookmark: _Toc490048970][bookmark: _Toc490124683][bookmark: _Toc490124706][bookmark: _Toc490124744][bookmark: _Toc490124925][bookmark: _Toc490125203][bookmark: _Toc490125252][bookmark: _Toc490125320][bookmark: _Toc490128853][bookmark: _Toc490128876][bookmark: _Toc490209330][bookmark: _Toc490209637][bookmark: _Toc490209751][bookmark: _Toc490209852]When the UE receives the RAR, it stops sending preambles
Indication of detected NR-RACH preamble
[bookmark: _Toc484674420][bookmark: _Toc484692704]The RAR should contain an indication of detected NR-RACH preamble. In LTE, the RA-RNTI is given by the formula 
RA-RNTI= 1 + t_id+10*f_id
Where t_id is the index of the first subframe of the specified RACH (0≤ t_id <10), and f_id is the index of the specified RACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).
In NR, the RA-RNTI could be computed in a similar manner but with some modifications. For example the slot should be used in t_id to handle different transmission lengths of sub-carrier spacings. This would also mean the “10” should be replaced by the number of slots in a radio frame for the sub-carrier spacing used. 
A potential issue in wide sub-carrier spacings is that the number of slots per radio frame may be large. For example with a sub carrier spacing of 120 kHz, there are 80 slots per radio frame. This will make the blind decoding of RA-RNTI very cumbersome for the UE. An alternative is to have a maximum number of slots that can be indicated, and carry additional time indications in the RAR message. Details on how to indicate this information are for FFS.
[bookmark: _Toc485189580][bookmark: _Toc485385945][bookmark: _Toc485386218][bookmark: _Toc485386275][bookmark: _Toc485413158][bookmark: _Toc485413529][bookmark: _Toc485413631][bookmark: _Toc485413848][bookmark: _Toc489611408][bookmark: _Toc489617428][bookmark: _Toc489943360][bookmark: _Toc490048941][bookmark: _Toc490048971][bookmark: _Toc490124684][bookmark: _Toc490124707][bookmark: _Toc490124745][bookmark: _Toc490124926][bookmark: _Toc490125204][bookmark: _Toc490125253][bookmark: _Toc490125321][bookmark: _Toc490128854][bookmark: _Toc490128877][bookmark: _Toc490209331][bookmark: _Toc490209638][bookmark: _Toc490209752][bookmark: _Toc490209853]The RA-RNTI is computed based on LTE formula with needed changes to account for more detailed timing
[bookmark: _Toc485105476][bookmark: _Toc485105533][bookmark: _Toc485105866][bookmark: _Toc485189390][bookmark: _Toc485189446][bookmark: _Toc485189506]Start of RAR Window
In LTE, after transmission of the NR-RACH preamble, the UE monitors the DL for the RAR during a time window (RAR window) consisting of multiple subframes to allow flexibility in the timing of the response. In LTE, the RAR window start is specified in [36.321] to start at the subframe that contains the end of the preamble transmission plus three subframes. 
In RAN2#98, it was agreed “RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE”.  
In case of multiple preamble transmissions, we believe that the “end of RACH transmission occasion” should be understood as the “end of the first RACH transmission occasion”. This means that the RAR window will typically start before some or all the subsequent transmission occasions.
The start of the RAR window will impact how fast a RAR can be sent by the gNB and has a large impact on the random access latency. By allowing the RAR window to start immediately after the preamble transmission, no extra delay from the RAR transmission is introduced. This does not preclude the case, such as high processing load in the gNB, when the gNB can send the RAR at a later stage. 
[bookmark: _Toc484674237][bookmark: _Toc484674272][bookmark: _Toc484674417][bookmark: _Toc484692701][bookmark: _Toc480871677][bookmark: _Toc481061702][bookmark: _Toc481130528][bookmark: _Toc481140928][bookmark: _Toc481505915][bookmark: _Toc481684479][bookmark: _Toc481759049][bookmark: _Toc481867194][bookmark: _Toc484002741][bookmark: _Toc484936343][bookmark: _Toc485102790][bookmark: _Toc485105477][bookmark: _Toc485105534][bookmark: _Toc485105867][bookmark: _Toc485189391][bookmark: _Toc485189447][bookmark: _Toc485189507][bookmark: _Toc485189581][bookmark: _Toc485385946][bookmark: _Toc485386219][bookmark: _Toc485386276][bookmark: _Toc485413159][bookmark: _Toc485413530][bookmark: _Toc485413632][bookmark: _Toc485413849][bookmark: _Toc489611409][bookmark: _Toc489617429][bookmark: _Toc489943361][bookmark: _Toc490048942][bookmark: _Toc490048972][bookmark: _Toc490124685][bookmark: _Toc490124708][bookmark: _Toc490124746][bookmark: _Toc490124927][bookmark: _Toc490125205][bookmark: _Toc490125254][bookmark: _Toc490125322][bookmark: _Toc490128855][bookmark: _Toc490128878][bookmark: _Ref490129122][bookmark: _Toc490209332][bookmark: _Toc490209639][bookmark: _Toc490209753][bookmark: _Toc490209854]The RAR window starts at a fixed duration after the first RACH transmission occasion.
[bookmark: _Toc485105478][bookmark: _Toc485105535][bookmark: _Toc485105868][bookmark: _Toc485189392][bookmark: _Toc485189448][bookmark: _Toc485189508][bookmark: _Toc485189582][bookmark: _Toc485385947][bookmark: _Toc485386220][bookmark: _Toc485386277][bookmark: _Toc485413160][bookmark: _Toc485413531][bookmark: _Toc485413633][bookmark: _Toc485413850][bookmark: _Toc489611410][bookmark: _Toc489617430][bookmark: _Toc489943362][bookmark: _Toc490048943][bookmark: _Toc490048973][bookmark: _Toc490124686][bookmark: _Toc490124709][bookmark: _Toc490124747][bookmark: _Toc490124928][bookmark: _Toc490125206][bookmark: _Toc490125255][bookmark: _Toc490125323][bookmark: _Toc490128856][bookmark: _Toc490128879][bookmark: _Ref490129125][bookmark: _Toc490209333][bookmark: _Toc490209640][bookmark: _Toc490209754][bookmark: _Toc490209855]The RAR window starts immediately after the first RACH transmission occasion, i.e. the fixed duration from the first RACH transmission to the start of the RAR window should be zero.
[bookmark: _Toc484936344][bookmark: _Toc485102791][bookmark: _Toc485105479]In RAN2#98, the following was agreed regarding start of RAR window for the random access procedure:
1. For MSG2 reception the RAR window starts at a fixed duration after the preamble transmission occasion. From the RAN2 perspective, it is beneficial that the fixed duration is as low as possible, possibly zero.
according to the LS in [7].
Our Proposal 17and Proposal 18 are in line to this agreement. 
Similarly, the time between MSG2 and MSG3 should also be kept at a minimum. This timing might be included in MSG2 supporting a flexible, and UE specific timing for MSG3
RAR Window Length
Also in the case of multiple preamble transmissions, the RAR window length should be configurable. Depending on the number of repetitions that are configured, the length may be different. This means that it is not efficient or possible to use the same parameter ra-ResponseWindowSize that is used for ordinary RACH transmissions. Hence, we propose to use a new ra-ResponseWindowSize for multiple preamble transmissions. In case several RACH resource configarations are valid in a cell, we think that each RACH configuration could have its own ra-ResponseWindowSize.
[bookmark: _Toc484674238][bookmark: _Toc484674273][bookmark: _Toc484674418][bookmark: _Toc484692702][bookmark: _Toc484936345][bookmark: _Toc485102792][bookmark: _Toc485105480][bookmark: _Toc485105536][bookmark: _Toc485105869][bookmark: _Toc485189393][bookmark: _Toc485189449][bookmark: _Toc485189509][bookmark: _Toc485189583][bookmark: _Toc485385948][bookmark: _Toc485386221][bookmark: _Toc485386278][bookmark: _Toc485413161][bookmark: _Toc485413532][bookmark: _Toc485413634][bookmark: _Toc485413851][bookmark: _Toc489611411][bookmark: _Toc489617431][bookmark: _Toc489943363][bookmark: _Toc490048944][bookmark: _Toc490048974][bookmark: _Toc490124687][bookmark: _Toc490124710][bookmark: _Toc490124748][bookmark: _Toc490124929][bookmark: _Toc490125207][bookmark: _Toc490125256][bookmark: _Toc490125324][bookmark: _Toc490128857][bookmark: _Toc490128880][bookmark: _Toc490209334][bookmark: _Toc490209641][bookmark: _Toc490209755][bookmark: _Toc490209856]In case of multiple RACH resource configurations in a cell, the RAR window length is configurable by a new ra-ResponseWindowSize for each RACH configuration.
Configuration of message 3
Three options were agreed in RAN1#88bis regarding configuration of sub-carrier spacing (SCS) of message 3:
· Agreements:
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the RACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the RACH msg. 3
· Option 3: RAR can indicate the SCS of the RACH msg. 3 transmission

Here, option 1 is similar to the decision in RAN1#88bis regarding configuration of waveform for message 3:
· Agreements:
· Waveform for RACH message 3 can be DFT-S-OFDM or CP-OFDM. Network signals directly or indirectly RACH message 3 waveform to UE:
· The network signals the waveform for RACH message 3 in the remaining minimum SI as one bit
Option 2 would result in a relation between SCS used in downlink and uplink which is not desirable. Option 3 has the possibility to adjust the SCS individually for each detected NR-RACH preamble. However, this would lead to a mix of several simultaneous SCS in uplink which should be avoided.  

[bookmark: _Toc490125325][bookmark: _Toc490128858][bookmark: _Toc490128881][bookmark: _Toc490209335][bookmark: _Toc490209642][bookmark: _Toc490209756][bookmark: _Toc490209857]The network signals the sub-carrier spacing for RACH message 3 in the remaining minimum SI
[bookmark: _Toc490124712][bookmark: _Toc490124750][bookmark: _Toc490124931][bookmark: _Toc490125209][bookmark: _Toc490125258][bookmark: _Toc490124689][bookmark: _Toc490124690][bookmark: _Toc490124713][bookmark: _Toc490124751][bookmark: _Toc490124932][bookmark: _Toc490125210]Regarding the HARQ retransmissions, retransmissions of msg 3 would need a retransmission of the RAR also as the grant for msg3 is given in RAR (msg 2).
Conclusion
In section 0 we made the following observations:
Observation 1	More important to have low correlation between sequences within one beam than between beams
Observation 2	Time separation of NR-PRACH preambles results in higher overhead as compared to without time separation, in mapping from SS-blocks to NR-PRACH preambles.
Observation 1	The RAR might arrive to the UE with a large timing uncertainty
Observation 2	The physical channel for RAR might be different compared to the ordinary DL data channels, since this RAR might be received with large timing uncertainty.
Observation 3	In some deployments, NR-PDCCH carrying RAR may not be reliably received using SSB as the sync source.
Observation 4	Several RAR corresponding to the same detected NR-RACH preamble might be transmitted from gNB with different beams, which increase RAR detection rate
Observation 5	For system performance, it is beneficial if the use of multiple preamble transmissions is limited to cases where it is really necessary.

Based on the discussion in section 0 we propose the following:
Proposal 1	Define the maximum number of NR-RACH preamble sequences in a cell as   where L is the maximum number of SS-blocks and  is the number of NR-RACH preambles associated with each SS-block
Proposal 2	Define mapping between SS-blocks and NR-RACH preambles for the maximum number (L) of SS-blocks
Proposal 3	The mapping from  NR-RACH preambles in a cell to L number of SS-blocks is done by consecutively map  NR-RACH preambles to each SS-block
Proposal 4	With no time separation of NR-RACH preambles corresponding to different SS-blocks, the set of NR-RACH preamble sequences in a cell is determined in the order of   1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing time allocation within a slot  3. increasing root index  4. increasing frequency allocation  5. increasing slot index
Proposal 5	Consider an NR-RACH preamble configuration for time separation of NR-RACH preambles corresponding to different SS-blocks, e.g. to be used with analog beaming in gNB
Proposal 6	With time separation of NR-RACH preambles corresponding to different SS-blocks, the set of NR-RACH preamble sequences in a cell is determined in the order of  1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing root index   3. increasing time allocation within a slot   4. increasing slot index  5. increasing frequency allocation
Proposal 7	The network configures the UE if it should transmit NR-RACH preambles based on reciprocity from received SS-block (if the UE is capable of beam correspondence) or if the UE should use a wide beam
Proposal 8	Design the physical channel carrying RAR that supports a flexible payload size.
Proposal 9	The physical channel carrying RAR can be configured with an additional synchronization signal for time and frequency synchronization.
Proposal 10	The UE is informed of whether it can assume QCL (with regards to Doppler shift, Doppler spread, delay spread, average delay, and spatial QCL) between SS-block and RAR in the PRACH configuration
Proposal 11	If a UE detects several RAR, then the UE select one of these RAR based on received DMRS associated to RAR
Proposal 12	Transmission of multiple preambles before the end of the RAR window is only allowed after ordinary power ramping has reached maximum power.
Proposal 13	A special set of RACH time and frequency resources is configured for multiple preamble transmissions
Proposal 14	The RACH resources for multiple preamble transmissions has a first transmission occasion and a configurable number of repetitions
Proposal 15	When the UE receives the RAR, it stops sending preambles
Proposal 16	The RA-RNTI is computed based on LTE formula with needed changes to account for more detailed timing
Proposal 17	The RAR window starts at a fixed duration after the first RACH transmission occasion.
Proposal 18	The RAR window starts immediately after the first RACH transmission occasion, i.e. the fixed duration from the first RACH transmission to the start of the RAR window should be zero.
Proposal 19	In case of multiple RACH resource configurations in a cell, the RAR window length is configurable by a new ra-ResponseWindowSize for each RACH configuration.
Proposal 20	The network signals the sub-carrier spacing for RACH message 3 in the remaining minimum SI
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