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Introduction
[bookmark: _GoBack]In the agreements of RAN2#96 and the RAN2 ad hoc in January 2017, some particular issues were identified which require additional analysis in order to progress the standardization. Regarding Random access, the following FFS was agreed at RAN2#96:

Agreements
1 	The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 
FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg 3 size to provide.

This paper includes a text proposal for TR 38.804 to resolve the FFS and complete the study of random access.
[bookmark: _Ref178064866]Discussion
The ordinary four step Random Access (RA) procedure has been the current standard for legacy systems such as LTE. One of the main usage of the first two messages is to obtain UL time alignment (TA) for the UE and to provide the UE a grant for Message 3. 

[image: ]
[bookmark: _Ref461452130]Figure 1 – Illustration of four-step Random access procedure.
Flexible message 3 size
Support for flexible message 3 size in the RA procedure is advantageous in several situations. The size of message 3 can vary for different reasons such as which UE identifier that is used. In RRC connected the C-RNTI is used while in RRC inactive an RRC context identifier is used. Furthermore, when the UE is in RRC Inactive, work is ongoing to allow the UE to multiplex data with message 3. This means that the size of the grant for message 3 and data may need to be quite large. For efficiency reasons this requires that the UE has some way to inform or indicate to the gNB about the amount of data available for transmission. Without this indication, the gNB cannot give a suitable grant which means that either the UE cannot multiplex data with its message 3 or the grant is so large that it will waste resources. If there is no indication that can be derived from the preamble transmission, the gNB will not be able to give the right size of grant in all situations. 
[bookmark: _Toc462055692][bookmark: _Toc462056085][bookmark: _Toc462056139][bookmark: _Toc462384595][bookmark: _Toc463033473][bookmark: _Toc463033596][bookmark: _Toc466063204][bookmark: _Toc468969694][bookmark: _Toc468970646][bookmark: _Toc470080484][bookmark: _Toc470081729][bookmark: _Toc471127758][bookmark: _Toc471473468][bookmark: _Toc471478992][bookmark: _Toc471479124][bookmark: _Toc471496207][bookmark: _Toc473901015][bookmark: _Toc462726372][bookmark: _Toc462726636][bookmark: _Toc462840569][bookmark: _Toc473923407]The Random Access procedure shall support the UE to inform the gNB in message 1 about the amount of data available for transmission.
There are different potential methods to indicate more info in preamble.
In current LTE, there are 64 different preamble signatures defined. If this would be reused in NR, certain (sets of) preambles could imply that a certain amount of data is available for transmission, i.e. the preambles are partitioned where each partition indicates a particular amount of data. A UE that has a large amount of data available would indicate this by selecting a preamble from the designated group. The gNB would then upon reception of the preamble use this information to set the grant size. If resources are available, the gNB may set the grant in the RAR (msg 2) large enough to fit all available data. Partitioning the current 64 preamble signatures into groups do not allow a very fine grained partition. One obvious enhancement would be to increase the number of possible preamble signatures. A possible drawback with this is that the gNB may have difficulties to handle a large number of possible preamble signatures.
A second approach to provide information with the preamble would be to specify that certain resources (time/frequency) used for transmission of the preamble imply that a certain amount of data is available for transmission, i.e. the radio resources are partitioned where each partition indicates a particular data amount. If a high granularity is wanted, a large number of radio resources must be used. On the other hand, if a large number of radio resources are set aside for preamble transmissions, there will be over-provisioning and hence waste of resources. A benefit with this approach is that the network can configure the amount of resources and the splits in a way that can balance the needs for providing high granularity for indicating the amount of data available and the resources set aside for preamble transmissions.
As a third approach, the amount of data available for transmission could be encoded after the preamble on the PRACH, i.e. the UE transmits the preamble and an indication of the data amount. Also here, a certain set of values could be defined to make it possible for the gNB to decode the data amount.
To conclude, the choice of how to indicate more information with the preamble is a balance between what number of possible preamble signatures the gNB can handle and the amount of resources that must be set aside for preamble transmissions. Since both increasing the number of preamble signatures and increasing the number of resources will lead to drawbacks it should be studied how these could be combined to increase granularity with minimum impact on performance.
[bookmark: _Toc463033474][bookmark: _Toc463033597][bookmark: _Toc466063205][bookmark: _Toc468969695][bookmark: _Toc468970647][bookmark: _Toc471473469][bookmark: _Toc471478993][bookmark: _Toc471479125][bookmark: _Toc471496208][bookmark: _Toc462726374][bookmark: _Toc462726638][bookmark: _Toc462840571][bookmark: _Toc470080485][bookmark: _Toc470081730][bookmark: _Toc471127759][bookmark: _Toc473901016][bookmark: _Toc473923408]RACH resource partition and preamble signature partition shall be combined to indicate the amount of data available for transmission in the UE.
Other aspects of Random Access
There are also other aspects of the random access that could be enhanced compared to LTE. One situation is when the UE does not receive a RAR (msg 2) after the preamble transmission. In legacy LTE the UE will do power ramping and retransmit the preamble. This may lead to so-called RACH storms where the UE transmits a huge number of preambles causing interference and RACH collisions. The reason why the UE does not receive the RAR may be different and call for different solutions. Below we list some examples when RAR is not detected in the UE and possible solutions.
-	The RAR may not be detected due to bad DL synchronization in the UE. In this case the preambles are detected by the gNB which sends the RAR, but the RAR is not detected by the UE.
-	In this case the UE should obtain DL synch. Since the lack of DL synch is not known by the UE, use of a DL synch procedure when the UE does not receive the RAR should be added to the RA procedure. For example, after n preamble retransmissions without receiving a RAR, the UE obtains new DL synch before commencing with further preamble transmissions.
-	The RAR may not have been sent if the preamble is not detected by gNB. Failure to detect the preamble may happen for various reasons such as
-	Collisions between different preambles
-	High interference
-	UL blocked
Both of these cases will cause the UE to re-transmit the preamble and may lead to RACH storms. The problem could be alleviated if the UE's retransmissions could be configured in a more detailed way. For example, the re-transmissions could be done with varying frequency depending on UE type or priority of data, i.e. the reason for the RA. The retransmissions could also be done considering back-off periods. Making the UE to regain DL synch could also be important in some cases.
[bookmark: _Toc471473470][bookmark: _Toc471478994][bookmark: _Toc471479126][bookmark: _Toc471496209][bookmark: _Toc473901017][bookmark: _Toc470080486][bookmark: _Toc470081731][bookmark: _Toc471127760][bookmark: _Toc473923409]The Random Access procedure shall include configurable parameters that allow more detailed preamble retransmission schemes. 
Another aspect is when the UE detects a RAR with back-off. That is, there has been a preamble collision between two or more UEs. This will typically happen in cases with high load when the gNB needs to reduce the load from RA. In LTE the back-off orders all UEs (except the UE(s) which also receive their preamble in the RAR) to back-off a random time before retransmitting a preamble. This mechanism is rather crude and cannot distinguish between UEs with high priority or time critical data or the number of already performed RA attempts, for example a UE which experiences preamble collision on its third attempt should get a shorter back-off than a UE on its first attempt. Allowing a more detailed back-off scheme would increase the possibilities for efficient resource management, but mechanisms in LTE such as Access Class Barring should also be considered.
[bookmark: _Toc471496210][bookmark: _Toc473901018][bookmark: _Toc470081732][bookmark: _Toc471127761][bookmark: _Toc471473471][bookmark: _Toc471478995][bookmark: _Toc471479127][bookmark: _Toc473923410]The Random Access procedure shall include configurable parameters that allow more detailed back-off schemes. 
Text proposal for Random Access enhancements
Below is the proposed text proposal which will go in the TR. The section numbering will be updated once it is clear where in the TR this text will fit.
9.2.1	Enhancements to Random Access procedure
9.2.1.1	Support for flexible message 3 size
Support for flexible message 3 size in the RA procedure is advantageous in several situations. The size of message 3 can vary for different reasons such as which UE identifier that is used. In RRC connected the C-RNTI is used while in RRC inactive an RRC context identifier is used. Furthermore, when the UE is in RRC Inactive, work is ongoing to allow the UE to multiplex data with message 3. This may also imply that a larger grant can be beneficial than for an ordinary message 3. The preamble transmission supports conveying the amount of data available for transmission. 
The following solutions can be pursued further in the WI phase to find a balance between the amount of resources set aside and the granularity needed to indicate the amount of data available:
1.	Preamble partitions where certain preamble implies a certain amount of data available for transmission. 
2.	Certain PRACH resources (time/frequency) used for transmission of the preamble imply that a certain amount of data is available for transmission, i.e. the radio resources are partitioned where each partition indicates a certain range of data available for transmission. 
3.	The amount of data available for transmission could be encoded after the preamble on the PRACH, i.e. the UE transmits the preamble and an indication of the amount of data available for transmission.
9.2.1.2	Support for preventing RACH storms
In LTE, several cases such as lost DL synchronization, collisions between different preambles, high interference and blocked UL may lead to failure of the UE to detect the RAR and cause the UE to re-transmit the preamble several times leading to RACH storms. A more detailed way to configure the retransmissions of the UE shall be supported. 
The following solutions can be pursued further in the WI phase to prevent the UE to re-transmit the preamble several times:
1.	The re-transmissions could be done with varying frequency depending on UE type or priority of data, i.e. the reason for the RA.
2.	The retransmissions could be done considering back-off periods.
3.	Making the UE regain DL synchronization could also be considered in some cases.
9.2.1.3	Support for improved handling of RAR with back-off
Another aspect is when the UE detects a RAR with back-off. The LTE mechanism is rather crude and cannot distinguish between UEs with high priority or time critical data or the number of already performed RA attempts. Compared to LTE, a more fine-grained solution for handling RAR with back-off shall be supported. 
The following solutions can be pursued further in the WI phase to improve the functionality of the RAR with back-off:
1.	A UE which experiences preamble collision on its e.g. third attempt could get a longer back-off than a UE on its first attempt. 
2.	Consider how the RAR with back-off functions together with mechanisms like Access Class Barring from LTE as a way to increase the possibilities for efficient resource management.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The Random Access procedure shall support the UE to inform the gNB in message 1 about the amount of data available for transmission.
Proposal 2	RACH resource partition and preamble signature partition shall be combined to indicate the amount of data available for transmission in the UE.
Proposal 3	The Random Access procedure shall include configurable parameters that allow more detailed preamble retransmission schemes.
Proposal 4	The Random Access procedure shall include configurable parameters that allow more detailed back-off schemes.
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