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Introduction
Based on outcome of RAN1#86, a two-step Random Access will be studied. Here we discuss some implications and issues for RAN2. The agreement in more detail is as follows:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
In addition to these agreements, RAN2#96 agreed the following

Agreements
If 2 step RACH is supported:
1 The 2-step RACH resources are optionally configurable by the NW 
FFS whether it can be configured by broadcast and/or by dedicated signalling.
2: NW can configure/restrict the usage of the 2-step RACH for certain cases ( e.g. procedures/services/radio condition, etc) (FFS for which cases for which it is possible to configure/restrict the usage)
3	RAN2 expects a benefit in latency for the 2 step RACH procedure
4	From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.
5	Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are still studying.

This contribution discusses benefits and use cases of the two-step random access procedure. A companion contribution in RAN1 is given in [1]. The contribution also discusses the random access latency and measures that would reduce this latency.
[bookmark: _Ref178064866]Discussion
The ordinary four step Random Access (RA) procedure has been the current standard for legacy systems such as LTE. It has been proposed to study a two-step procedure where the UL messages are sent simultaneously and similarly the two DL messages are sent as a simultaneous response in the DL. In the legacy four-step procedure, one of the main usage of the first two messages is to obtain UL time alignment for the UE. In many situations, e.g. in small cells or for stationary UEs, this may not be needed since either a TA equal to 0 will be sufficient (small cells) or a stored TA value from the last RA could serve also for the current RA (stationary UE). Another important use case would be when the UE is in connected mode (and has a valid TA value), but no SR resource is configured for the UE and a RA in needed to obtain an UL grant. In future radio networks it can be expected that these situations are common, both due to dense deployments of small cells and a great number of e.g. stationary IoT devices. A possibility to skip the message exchange to obtain the TA value would lead to reduced RA latency and would be beneficial in several use cases, for example when transmitting infrequent small data packets. 
[bookmark: _Toc462055687][bookmark: _Toc462384599][bookmark: _Toc462726378][bookmark: _Toc462726631][bookmark: _Toc463033476][bookmark: _Toc463033599][bookmark: _Toc465772933][bookmark: _Toc466063200][bookmark: _Toc471385791][bookmark: _Toc471387739][bookmark: _Toc471479293][bookmark: _Toc471496476]In small cells or for stationary UEs, Random Access may not be needed to obtain UL time alignment.
The two-step Random Access procedure
In the two-step RA the preamble and a message corresponding to Message 3 in the four-step RA are transmitted in the same subframe or possibly in consecutive subframes (at least in the same burst). The Msg3 part is sent on a resource, corresponding to the specific preamble. This means that both the preamble and the Msg3 face contention. However, one could consider tying non-colliding time/frequency resources to different preambles. As a consequence, typically either both Msg1 and Msg3 succeed or both collide. As shown in Figure 1, the gNB will respond with a TA (which by assumption should not be needed or just give very minor updates) and a Msg4 for contention resolution upon successful reception of the preamble and Msg3. The preamble can also be used to aid the channel estimation for Msg3.
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[bookmark: _Ref461452130]
Figure 1 – Illustration of two-step procedure (left) and ordinary Random access procedure (right).
Latency for RA schemes
In Figure 2 the latency calculations for LTE are illustrated. As can be seen, the minimum latency from the UE transmitting the RA preamble in the four-step procedure until receiving the final response is 13 subframes (preamble in x, RAR in x+3, Msg3 in x+3+6, Msg4 in x+3+6+4). 
[image: ]
[bookmark: _Ref461453446]Figure 2 – Latency for ordinary four-step RA procedure.
Depending on the numerology or TTI duration that is used in NR, this will result in a latency not exceeding 13 ms until the RA procedure is completed. 
In the two-step procedure shown in Figure 3, the corresponding minimum latency is 4 subframes (preamble&Msg3 in x, Msg3&Msg4 in x+4) even when assuming the long processing delays specified currently for LTE. Hence, the two-step procedure could lead to a reduction of approximately factor 3 compared to the four-step procedure. Even when NR achieves shorter processing times than LTE, the two-step RA procedure offers significant latency reduction compared to legacy four-step procedure.
[bookmark: _Toc462055689][bookmark: _Toc462384600][bookmark: _Toc462726379][bookmark: _Toc462726632][bookmark: _Toc463033477][bookmark: _Toc463033600][bookmark: _Toc465772934][bookmark: _Toc466063201][bookmark: _Toc471385792][bookmark: _Toc471387740][bookmark: _Toc471479294][bookmark: _Toc471496477]A two-step RA has the potential to be three times faster than the legacy four-step RA. 
[bookmark: _Toc462055690][bookmark: _Toc462056083][bookmark: _Toc462056137][bookmark: _Toc462384594][bookmark: _Toc462726371][bookmark: _Toc462726635][bookmark: _Toc462840568][bookmark: _Toc463033472][bookmark: _Toc463033595][bookmark: _Toc466063203][bookmark: _Toc471214643][bookmark: _Toc471385795][bookmark: _Toc471385846][bookmark: _Toc471387759][bookmark: _Toc471479298][bookmark: _Toc471496481]Allow a two-step RA as an alternative to four-step RA in cases where obtaining UL time alignment is not needed.
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[bookmark: _Ref461707548][bookmark: _Ref461707504]Figure 3 – Latency for two-step RA procedure.
In [2] a procedure for small data transmissions is proposed where UP data is multiplexed with Message 3 in order to reduce latency for the data transmission. In cases where a two-step RA is applied, this latency could be reduced even further. 
The RA latency will also impact the control plane latency. From TR 38.913, the control plane latency or the time it takes to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE) is targeted to be 10ms. If an RRC Resume procedure is used where data is transmitted simultaneously with Msg 3, an upper bound based on the four-step procedure is 9ms. Hence, even without considering the L1 optimizations such as shortening of TTIs, the target of 10ms control plane latency can be met if data can be multiplexed with Msg 3.
These RA latencies discussed above especially for 4-step RA can be seen as an upper bound for RA latency in NR. However, additional shortening of the RA latency could be achieved by lowering the allowed processing times at the UE and gNB. For example by using a configurable start of the RAR window from e.g. 1 to 3 subframes after the preamble, and specifying a reduced processing time for the UE before transmitting Msg3 together with reduced time for the gNB to complete contention resolution and reply with Msg4, the four step random access latency would be significantly reduced. Considering the latencies envisioned for NR for SR to grant latency or HARQ retransmissions in RAN1, reduction of the processing times in the RA procedure should also be possible to achieve.
[bookmark: _Toc471385793][bookmark: _Toc471387741][bookmark: _Toc471479295][bookmark: _Toc471496478]Reducing the allowed processing time between the RA messages would reduce the RA latency
[bookmark: _Toc471387742][bookmark: _Toc471479296][bookmark: _Toc471496479]Reducing the latency for four-step RA would reduce the need for the two-step RA in cases where short latency is desired
[bookmark: _Toc471385796][bookmark: _Toc471385847][bookmark: _Toc471387760][bookmark: _Toc471479299][bookmark: _Toc471496482]NR should support a configurable start of the RAR window where the minimum start time is 1 SF.
[bookmark: _Toc471385797][bookmark: _Toc471385848][bookmark: _Toc471387761][bookmark: _Toc471479300][bookmark: _Toc471496483]NR should define a shorter response time for Message 3
[bookmark: _Toc471385798][bookmark: _Toc471385849][bookmark: _Toc471387762][bookmark: _Toc471479301][bookmark: _Toc471496484]NR should define a shorter response time for Message 4
Reducing the latency of the four-step RA and thereby reducing the need for the two-step RA is advantageous from two aspects. First the two-step RA is not applicable in all cases and secondly, the two-step RA is less resource efficient since more resources must be made available for contention based access.
Options for transmitting small data with two-step RA
Random access procedures are performed for different reasons. One reason is that a UE in RRC CONNECTED does not have a valid grant nor SR-resources, and the RA procedure is used to get an UL grant (which is received in the RAR). This grant can in principle be very large allowing the UE to transmit data directly, but to avoid resource waste the grant in the RAR is in general small and intended for the UE to transmit a BSR. And based on the BSR the gNB can give the UE a suitable grant for the data. So, in general the UE will not send the actual data in Msg3 transmission and instead the data is delayed to a later message. In this section we discuss how to reduce delay even further by sending data directly during the two-step RA procedure.
There are basically two options for transmitting small data using the two-step RA procedure. One would be to follow the thinking in [1] and multiplex the data together with Msg3. This would make the transmission to be basically instant, i.e. taking place in the same subframe as the Msg3 is transmitted. In this case, the resources reserved for Msg3 and data transmission are configurable and known by both the gNB and the UE. In case data is transmitted with Msg3, the transmission of Msg4 would imply both contention resolution and acknowledgement of the data.
[bookmark: _Toc462055692][bookmark: _Toc462056085][bookmark: _Toc462056139][bookmark: _Toc462384595][bookmark: _Toc463033473][bookmark: _Toc463033596][bookmark: _Toc466063204][bookmark: _Toc471214644][bookmark: _Toc471385799][bookmark: _Toc471385850][bookmark: _Toc471387763][bookmark: _Toc471479302][bookmark: _Toc462726372][bookmark: _Toc462726636][bookmark: _Toc462840569][bookmark: _Toc471496485]Consider transmitting small UP data simultaneously with Msg3 in the two-step RA. 
The second option is to transmit the data immediately following the DL transmission, i.e. after the reception of Msg2 and Msg4. In this case, a grant should be given simultaneously with the transmission of Msg2 and Msg4 to allow dynamic scheduling. This means that a data size indication (BSR type) could be supplied in Msg3 to let the gNB know what amount of data the UE wishes to transmit. In order to fully utilize the potential of the two-step RA, the delay from when the UE obtains the grant until it can transmit on the UL should be reduced significantly compared to current LTE where this latency is 4 TTIs (grant received in TTI x, UL transmission in x+4). Work is ongoing in RAN1 to shorten this time and allow transmission already in the TTI after the received grant.
[bookmark: _Toc463033474][bookmark: _Toc463033597][bookmark: _Toc466063205][bookmark: _Toc471214645][bookmark: _Toc471385800][bookmark: _Toc471385851][bookmark: _Toc471387764][bookmark: _Toc471479303][bookmark: _Toc462726374][bookmark: _Toc462726638][bookmark: _Toc462840571][bookmark: _Toc471496486]The Message 3 should be able to carry a data size indicator to allow the gNB to supply a grant after the contention resolution has been completed. 
In case the data transmission takes place after the reception of Msg2 and Msg4, the data transmission could take place on a contention-based channel. Also here, the transmission could take place immediately after receiving the DL messages, i.e. in subframe x+5. A possible advantage of transmitting the data in the TTI after the two-step procedure compared to transmitting it simultaneously with Msg1 and Msg3 would be that there has been a contention resolution at this point and the data resource is not used by a colliding user (however, this could happen if data goes over a contention based channel after contention resolution).
Preamble groups
Large cells typically require the four-step RA since the TA value is unknown. However, the two-step RA would work for stationary UEs which can reuse their TA value. Support for both four-step and two-step RA would be useful in larger cells where there are stationary UEs. The gNB will configure in which situations the two-step RA procedure can be used.
[bookmark: _Toc465772935][bookmark: _Toc466063202][bookmark: _Toc471385794][bookmark: _Toc471387743][bookmark: _Toc471479297][bookmark: _Toc471496480]Support for both four-step RA and two-step RA is beneficial in large cells. 
[bookmark: _Toc471479304][bookmark: _Toc471496487]The gNB configures when two-step RA is used.
In case both four-step and two-step RA is supported in a cell, they could use separate preamble signature groups or use separate time/frequency resources for preamble transmissions, to facilitate for the gNB to determine if the UE is asking for a two-step RA or a four-step RA.
Fall-back to four-step Random Access
Contention resolution may fail for either preamble or Msg3 (and data in case sent with Msg3) or both. If only the preamble can be detected but not Msg3, a fall back to four-step RA would be possible. In this case the gNB responds with a Msg2 (RAR) containing a grant for Msg3 as a response to the received preamble. The UE then continues as in the normal four-step procedure, i.e. UE sends a new Msg3 followed by a Msg4 from the gNB resolving the contention. This is illustrated in Figure 4. In case only the preamble collides but the Msg3 is decoded, there should be no problem, since contention resolution can be done only based on Msg3 (and Msg4).
[image: ]
[bookmark: _Ref462838065]Figure 4 – Fall-back to four-step RA following collision in Msg 3.
[bookmark: _Toc462726376][bookmark: _Toc462726640][bookmark: _Toc462840573][bookmark: _Toc463033475][bookmark: _Toc463033598][bookmark: _Toc466063206][bookmark: _Toc471214646][bookmark: _Toc471385801][bookmark: _Toc471385852][bookmark: _Toc471387765][bookmark: _Toc471479305][bookmark: _Toc471496488]A fall-back to ordinary four-step RA is done in case Message 3 cannot be decoded by gNB. In this case gNB sends a RAR including a grant for Message 3 and UE retransmits Message 3.
A text proposal capturing this discussion can be found in[3].
Conclusion
In section 2 we made the following observations:
Observation 1	In small cells or for stationary UEs, Random Access may not be needed to obtain UL time alignment.
Observation 2	A two-step RA has the potential to be three times faster than the legacy four-step RA.
Observation 3	Reducing the allowed processing time between the RA messages would reduce the RA latency
Observation 4	Reducing the latency for four-step RA would reduce the need for the two-step RA in cases where short latency is desired
Observation 5	Support for both four-step RA and two-step RA is beneficial in large cells.

Based on the discussion in section 2 we propose the following:
Proposal 1	Allow a two-step RA as an alternative to four-step RA in cases where obtaining UL time alignment is not needed.
Proposal 2	NR should support a configurable start of the RAR window where the minimum start time is 1 SF.
Proposal 3	NR should define a shorter response time for Message 3
Proposal 4	NR should define a shorter response time for Message 4
Proposal 5	Consider transmitting small UP data simultaneously with Msg3 in the two-step RA.
Proposal 6	The Message 3 should be able to carry a data size indicator to allow the gNB to supply a grant after the contention resolution has been completed.
Proposal 7	The gNB configures when two-step RA is used.
Proposal 8	A fall-back to ordinary four-step RA is done in case Message 3 cannot be decoded by gNB. In this case gNB sends a RAR including a grant for Message 3 and UE retransmits Message 3.
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