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Introduction
In this contribution we discuss various aspects of msgB reception window in the 2-step Random Access procedure. One aspect is the relation of the msgB window to the legacy RAR window and the UE behaviour upon window expiration in the 2-step RA procedure.
[bookmark: _Ref525832169]Discussion
In the 2-step random access (RA) procedure, the UL messages (Msg1 and Msg3 in legacy 4-step procedure) are combined into MsgA and sent simultaneously (or consecutive in time without the need for a LBT between) and similarly the two DL messages (Msg2 and Msg4, combined to MsgB) are sent as a simultaneous (or consecutive in time without the need for a LBT between) response in the DL. The procedure is illustrated from a high level in Figure 1.
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[bookmark: _Ref461452130][bookmark: _Ref536083064]Figure 1 – Illustration of two-step procedure.
As has been observed, the time needed for the network to respond with a msgB might in some cases be longer than the time needed for the network to respond with a RAR in the 4-step procedure. The reason for this is that msgB will also do contention resolution which may require RRC processing and a need to consider CU/DU fronthaul delay. In NR, the maximum ra-ResponseWindow length is 10ms (20ms for NR-U) while the maximum configurable value of the ra-ContentionResolutionTimer is 64 sf. 

[bookmark: _Toc7467412][bookmark: _Toc7504871][bookmark: _Toc7603680]It will be necessary to enable configurations of the MsgB windows which are longer than the maximum allowable RAR window in legacy NR and NR-U.


MsgB window properties
The possible need to configure msgB window which is longer than the RAR window will have consequences on which RNTI that can be used for msgB scrambling. The RA-RNTI used for scrambling of 4-step RAR can only support a maximum ra-ResponseWindow length is 10ms (RA-RNTI to support 20ms is under discussion for NR-U). Furthermore, the legacy RA-RNTI formula is ambiguous for longer windows than 10ms. This means that if the msgB window is longer than this, the RARs scrambled by RA-RNTI cannot be supported throughout a long msgB window. Therefore, scrambling of msgB based on individual UE identities (e.g. C-RNTI or RNTI proposed in [3]) do not have any dependence on time and can be used during longer time intervals since it is dedicated to the specific UE. 
[bookmark: _Toc7467413][bookmark: _Toc7504872][bookmark: _Toc7603681]RA-RNTI can only be used unambiguously during the RAR window.
[bookmark: _Toc7467414][bookmark: _Toc7504873][bookmark: _Toc7603682]RNTIs based on individual UE identities (e.g. C-RNTI) do not have any dependence on time and can be used over long time periods.
The length of the msgB window may vary depending on factors such as deployment and implementation. Its relation to the RAR window cannot be determined universally. It should therefore be configurable by the network for flexibility. 
[bookmark: _Toc7467416][bookmark: _Toc7504947][bookmark: _Toc7504973][bookmark: _Toc7505002][bookmark: _Toc7505045][bookmark: _Toc7603683]The length of the msgB window is configurable.
Since a RAR message for the 2-step procedure does not need the possibly extended time which might be needed for a msgB, it can still be transmitted within the legacy RAR window. It would therefore be suitable to monitor two different windows for the 2-step procedure. The legacy RAR window is monitored for RA-RNTI indicating RAR for fallback or back off simultaneously as the (overlapping) msgB window is monitored for a UE specific RNTI. This is illustrated in Figure 2.
[image: ]
[bookmark: _Ref7465354]Figure 2 Illustration of monitored windows after msgA
With this approach the UE starts to monitor windows when msgA is transmitted. If a RAR with a MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (indicating fallback) is received, the UE stops monitoring both windows as no msgB can be expected in this case. In a similar fashion, if a msgB is received while both windows are running, the UE stops monitoring both windows.
We give the following proposals.
[bookmark: _Toc7467417][bookmark: _Toc7504948][bookmark: _Toc7504974][bookmark: _Toc7505003][bookmark: _Toc7505046][bookmark: _Toc7603684]When msgA has been transmitted, the UE starts RAR window monitoring for RA-RNTI and msgB window monitoring for a UE specific RNTI.
[bookmark: _Toc7467418][bookmark: _Toc7504949][bookmark: _Toc7504975][bookmark: _Toc7505004][bookmark: _Toc7505047][bookmark: _Toc7603685]If a RAR with the RAPID corresponding to the transmitted preamble is received, the UE stops monitoring RAR window and msgB window.
[bookmark: _Toc7467419][bookmark: _Toc7504950][bookmark: _Toc7504976][bookmark: _Toc7505005][bookmark: _Toc7505048][bookmark: _Toc7603686]If a msgB is received, the UE stops monitoring msgB window and RAR window, if running.
UE actions upon msgB window expiry
[bookmark: _Toc7467420][bookmark: _Toc7504951][bookmark: _Toc7504977]The UE behavior in the 4-step procedure when the RAR window expires and no RAR has been received is that the UE returns to Random Access Resource selection procedure (possibly after back off). In the 2-step procedure, the msgB window may still be running when the RAR window expires. This means that the UE must still monitor the msgB window for msgB reception even though the RAR window has expired. Hence, the UE should not return to Random Access Resource selection procedure until the msgB window expires.
[bookmark: _Toc7504952][bookmark: _Toc7504978]In principle, the RAR window could be configured longer than the msgB window, although this could be considered as a corner case. Should this be the case, the UE should continue to monitor the RAR window when the msgB window expires. We give the following proposals

[bookmark: _Toc7504953][bookmark: _Toc7504979][bookmark: _Toc7505006][bookmark: _Toc7505049][bookmark: _Toc7603687]When the RAR window expires, the UE continues to monitor the msgB window, if running. 
[bookmark: _Toc7504954][bookmark: _Toc7504980][bookmark: _Toc7505007][bookmark: _Toc7505050][bookmark: _Toc7603688]When the msgB window expires, the UE continues to monitor the RAR window, if running.
[bookmark: _Toc7504955][bookmark: _Toc7504981][bookmark: _Toc7505008][bookmark: _Toc7505051][bookmark: _Toc7603689]When both the RAR window and the msgB window expire, the UE returns to the Random Access Resource selection.

[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
In section 2 we made the following observations:
Observation 1	It will be necessary to enable configurations of the MsgB windows which are longer than the maximum allowable RAR window in legacy NR and NR-U.
Observation 2	RA-RNTI can only be used unambiguous during the RAR window.
Observation 3	RNTIs based on individual UE identities (e.g. C-RNTI) do not have any dependence on time and can be used over long time periods.

Based on the discussion in section 2 we propose the following:
Proposal 1	The length of the msgB window is configurable.
Proposal 2	When msgA has been transmitted, the UE starts RAR window monitoring for RA-RNTI and msgB window monitoring for a UE specific RNTI.
Proposal 3	If a RAR with the RAPID corresponding to the transmitted preamble is received, the UE stops monitoring RAR window and msgB window.
Proposal 4	If a msgB is received, the UE stops monitoring msgB window and RAR window, if running.
Proposal 5	When the RAR window expires, the UE continues to monitor the msgB window, if running. 
Proposal 6	When the msgB window expires, the UE continues to monitor the RAR window, if running.
Proposal 7	When both the RAR window and the msgB window expire, the UE returns to the Random Access Resource selection.
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