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Introduction 
At RAN2 Adhoc#2 meeting, the following agreement has been made:
Agreements for Msg3 based SI request method:
1: 	UE determines successful Msg3 based on reception of Msg4 
	FFS Details of the Msg4 content used to confirm successful Msg3. To be discussed initially CP.
2:	Preamble(s) for SI request using Msg3 based Method are not reserved.
3:	RRC signalling is used for SI request in Msg3.
FFS: RRC signalling how to indicate the requested SI/SIB details left to ASN.1 work.
5:	Temporary C-RNTI received in Msg2 is used for Msg4 reception

Per the above agreement, the “RRC signalling is used for SI request in Msg3”.  In the email discussion, there were 2 options: RRC signal or Mac CE. About 18 companies supported “RRC signal” and 4 companies support “Mac CE”. However, there was not a lot of analysis about the pros and cons of these two schemes, especially, considering the CU-DU split architecture. In this contribution, we share our views about these two schemes and the concerns on the agreement to use RRC signalling for SI request in Msg3. 
Discussions
SI-Request procedure is included in the RACH procedure per the above agreement and the CU-DU split is under RAN3’s agenda. In this section, we first analyze this issue from the MAC layer perspective, and then we will further analyze the CU-DU split effects on the above agreement, at last we will compare the pros and cons of the two options: RRC signal or MAC CE.
gNB MAC layer action upon receiving Msg3
As mentioned above, for the Msg3 format, there are two options as follows:
Option1: RRC signaling is used for SI request in Msg3
Option 2: MAC CE is used for SI request in Msg3
1, RRC signaling is used for SI request in Msg3
The Msg3-based procedure with RRC signaling is shown in Figure 1:


Figure 1: Msg3 with RRC signal
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Form the figure 1, we can see that if we take the RRC signalling as Msg3, at the UE MAC layer, this Msg3 shall be encoded as a CCCH SDU, so the gNB MAC layer cannot distinguish this SI Request from other Msg3 (such as RRCConnectionRequst/ RRCConnectionResumeRequest/ RRCConnectionReestablishment Request), and the gNB MAC layer will take the same processing as the other Msg3 (i.e. it will pass the RRC message to the CU). Then the first question is:
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]“Q1:Upon receiving the Msg3 with CCCH SDU in the step 4, shall the eNB’s MAC layer wait for the RRC response signal before sending Contention Resolution?” 
It should be noted that it is always possible to piggy-back the contention resolution message with the broadcasted SI information in downlink. However, this has some issues as noted below:
a) The Contention resolution belongs to the MAC layer. Further, the scheduling and broadcast of system information messages can also be handled by MAC layer in the gNB. However, with the RRC based approach, the MAC layer needs to interact with the RRC layer to first decode the RRC message and then instruct the MAC layer in gNB to broadcast the SI (see step 9 above).
b) If the gNB MAC layer always waits for the response from the RRC layer before transmitting the Contention resolution, it will increase the rrcconnection establishment (or re-establishment or resume) delay and the power consumption of the UEs who failed the contention resolution. For example, we assume that UE1 and UE2 send Msg3 at the same UL grant, and only the first UE1’s Msg3 was decoded successfully. Then if the gNB MAC sends the contention resolution immediately as shown Figure 2 step 3a, the UE2 can trigger another round RA at the point A. However if CR is sent at step 3b (after UE1 context retrieving), for the UE2 the new round RA will be delayed until point B, which significantly increase RRC connection establish (or re-establish or resume) delay.

Figure2: Contention Resolution
c) The content of the Contention resolution is generated by MAC layer itself, as defined in the 36.321 chapter 6.1.3.4, the MAC layer takes the first 6 bytes of the CCCH SDU as Contention Resolution (i.e. it does not need to wait for RRC response).

d) The Maximum length of the Contention resolution timer (64 ms) and the T300 (2000 ms) are different as defined in 36.331.
[bookmark: OLE_LINK76]mac-ContentionResolutionTimer		ENUMERATED 
								{sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64}
t300							ENUMERATED 
					{ms100, ms200, ms300, ms400, ms600, ms1000, ms1500, ms2000},

According to the above analysis, we make the following observation:
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Observation 1: If RRC signaling is used for SI request in Msg3, the gNB MAC layer can’t distinguish the SI Request from other Msg3 and it will send a contention resolution to the UE just like processing other CCCH SDUs. 

If there is no collision during RACH, the procedure in the Figure 1 seems OK. However, as proposed in [2][3], there would be some problems if collision occurs. For example, there are two UEs sending the SI request at the same UL Grant with the same TC-RNTI, the first UE requests SI 2/3/4 and the second UE requests SI 2/3, because of the collision, only the first UE’s SI request was received, then the gNB will send a contention resolution according to the first UE’s SI request, the second UE will consider this contention resolution failed and unnecessarily retransmit RACH even though the requested SIBs will be broadcast. 
Observation 2: If the RRC signal is used as Msg3, the contention resolution message transmitted by gNB MAC may result in unnecessary SI requests when collisions happen on RACH.
2, MAC CE is used for SI request in Msg3
[bookmark: OLE_LINK17][bookmark: OLE_LINK16]The alternative to RRC based SI request is to use a MAC CE in Msg3. In this option, the UE RRC layer indicates the requested SI- Bitmap to the MAC layer, then the MAC layer indicates this SI request in a MAC CE and send it in the Msg3 as depicted in the Figure 3.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Since the SI request is indicated by a SI-Bitmap MAC CE, so it can be identified by the gNB MAC layer, then the gNB MAC layer can also send a SI-Bitmap MAC CE as Msg4, which indicates all of the scheduled SIBs that will be broadcasted. At the UE side, the UE shall check whether the requested SIs are contained in the MAC CE and if it is the case, then it considers contention resolution successful and waits for the requested SIB to be broadcasted. Otherwise, it may immediately attempt another RACH procedure to request the SIBs. So even when the collision happens, the UE still can know the current broadcasting SIBs (and can refrain from unnecessary SIB requests). Thus, we get the following observation:
Observation 3: If the MAC CE is used as Msg3, the gNB MAC can send a MAC CE with current broadcasting SI-Bitmap as Msg4. This solves the problems associated with unnecessary SIB requests when collisions happen over RACH. 



Figure 3: Msg3 with MAC CE
Besides, if the MAC CE is used as Msg3, the interaction between the UE RRC layer and UE MAC layer become clear and concise. The UE RRC layer only need to indicate the Request SI bitmap (maybe with a monitor timer) and the scheduling information to Mac layer, then it’s MAC layer responsible for the SI request and receiving (before RRC timer expiry if existing).
Observation 4: If the MAC CE is used as Msg3, the interaction between the UE RRC layer and UE MAC layer become clear and concise.
CU-DU interaction upon receiving SI-Request
[bookmark: OLE_LINK19][bookmark: OLE_LINK18]The On-demand SI scheme is also discussed by RAN3 from the CU-DU split aspect. With CU-DU split, the PDCP and above layer are located in the CU, while the RLC and MAC layers are located in the DU. As described in [5], scheduling of system broadcast information is carried out in the gNB-DU. The gNB-DU is responsible for transmitting the system information according to the scheduling parameters available.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Observation 5: It’s the DU’s responsibility for the SI scheduling and broadcasting.
If the RRC Signalling is used as Msg3, the UE MAC layer shall contain this SI Request in the CCCH SDU and send to the gNB. As shown in the figure 4, upon receiving the Msg3 with CCCH SDU, since DU has no RRC layer (no ASN.1 coding capability), the DU shall send this CCCH SDU to the CU (meanwhile execute RACH related procedure as described in the last paragraph), then CU shall indicate the Requested SI to DU. At last the DU broadcast the requested SI according to the CU indication. Such kind of solution will introduce additional two-way fronthaul delay between CU and DU, and the response for this SI request could be significantly delayed. An alternative to this would be to allow the DU to decode [4] the RRC encoded Msg3. However, this will significantly increase the DU complexity. 
Observation 6: If the RRC Signalling is used as Msg3, the DU has to send this RRC signal to CU for ASN1 decoding, which introduce additional fronthaul delay and F1 interface signalling.


Figure 4: RRC signal scheme with CU-DU split
However, if the SI Request is sent by a MAC CE, as described in the Figure 2, the DU can process the whole procedure without informing the CU. The DU can also send a SI-Bitmap MAC CE as response and broadcast the requested SI according to the scheduling information. 
Observation 7: If the MAC CE is used as Msg3, the DU can process this SI-Request independently without informing the CU, both the fronthaul delay and F1 interface signaling could be reduced.
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Based on the above observation, we propose to update the agreement in RAN2 for Msg3 contents as follows:
For Msg3 based SI request method: 
Proposal 1: MAC CE (consisting of a bitmap indicating the requested SIBs) is used in the Msg3.
Proposal 2: Msg4 from the gNB shall contain the currently broadcast SIBs (as a bitmap in a MAC CE) and this shall be used by the UE to determine successful reception of Msg3.
Proposal 3: Per the RAN3 agreements, with the MAC CE based SIB request procedure, it is confirmed that the DU in gNB is responsible for scheduling and broadcasting the requested SIBs (without need to interact with CU). 
Conclusion 
Based on all the analysis above, we make the following observations:
Observation 1: If RRC signaling is used for SI request in Msg3, the gNB MAC layer can’t distinguish the SI Request from other Msg3 and it will send a contention resolution to the UE just like processing other CCCH SDUs. 

Observation 2: If the RRC signal is used as Msg3, the contention resolution message transmitted by gNB MAC may result in unnecessary SIB requests when collisions happen on RACH.
Observation 3: If the MAC CE is used as Msg3, the gNB MAC can send a MAC CE with current broadcasting SI-Bitmap as Msg4. This solves the problems associated with unnecessary SIB requests when collisions happen over RACH. 
Observation 4: If the MAC CE is used as Msg3, the interaction between the UE RRC layer and UE MAC layer become clear and concise.
Observation 5: It’s the DU’s responsibility for the SI scheduling and broadcasting.
Observation 6: If the RRC Signalling is used as Msg3, the DU has to send this RRC signal to CU for ASN1 decoding, which introduce additional fronthaul delay and F1 interface signalling.
Observation 7: If the MAC CE is used as Msg3, the DU can process this SI-Request independently without informing the CU, both the fronthaul delay and F1 interface signaling could be reduced.
The following is proposed: 
For Msg3 based SI request method: 
Proposal 1: MAC CE (consisting of a bitmap indicating the requested SIBs) is used in the Msg3.
Proposal 2: Msg4 from the gNB shall contain the currently broadcast SIBs (as a bitmap in a MAC CE) and this shall be used by the UE to determine successful reception of Msg3.
Proposal 3: Per the RAN3 agreements, with the MAC CE based SIB request procedure, it is confirmed that the DU in gNB is responsible for scheduling and broadcasting the requested SIBs (without need to interact with CU). 
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