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1	Introduction
For RAN2#106 an e-mail discussion on “Procedures and msgB content” (105bis#30) was held. One of the key questions discussed was the multiplexing of msgB, that is whether msgB should be transmitted to multiple UEs or not. While a significant number of companies supported multiplexing, technical discussion and justification for this solution was absent. In this paper we argue that while it is possible to design msgB such that it would be transmitted to multiple UEs RAN2, it is a very inefficient solution. Instead RAN2 should investigate the structure of msgB more.
[bookmark: _Ref178064866]2	Discussion
There are many scenarios for random access. Throughout this paper we will focus on UEs in RRC_IDLE performing RA to establish a connection and we do not address fallback and back off unless otherwise stated. While this is the focus of the paper, the points made hold for other scenarios too.
Broadly speaking, msgB will contain msg2 (RAR) and msg4 (RRC Setup). Msg2 is scrambled with RA-RNTI and has the following structure:


Figure 1 – The structure of msg2 PDU
In the case for successful reception of msg1, msg2 contains a string of (E/T/RAPID subheader, MAC RAR) pairs, each corresponding to each preamble received by the network in the corresponding random access occasion. The RA-RNTI is computed based on the random access occasion, meaning that all UEs which transmitted in the same random access occasion receive the same msg2 PDU. 
2.1	Size of msgB
The size of the MAC RAR is 7 bytes and the subheader is 1 byte. The total size of the msg2 PDU is therefore 8*n where n is the number of UEs it is transmitted to. Again, we only consider successful RA.
In the e-mail discussion a majority of companies prefer to send msgB to multiple UEs, but the technical justification is missing. Using the msg2 PDU as baseline we can suppose that we replace the UE-specific MAC RAR in msg2 with a component which contains the RAR plus msg4. We will call this RAR “RAR_B” not to confuse it with the RAR in msg2 from now on. It is an open question what the exact contents of the RAR_B is, but we can guess based on the contents of RAR. We can also add the contention resolution MAC CE to the RAR_B as it is part of msg4.
Table 1 – Size of RAR_B and various fields therein
	Component
	Size (bits)

	TA command
	12

	TC-RNTI
	16

	UL grant
	23

	Contention resolution identity
	48

	R-bits (for octet alignment)
	5

	Total size
	104



As can be seen the RAR_B is 13 bytes. To this we add the RRC Setup message. This message can have very varying size depending the complexity of the configuration, but for the sake of this discussion we assume 100 bytes. We need one L-field and the RAR_B subheader also, in total (13+100+1+1)*n = 115*n where n is the number of UEs. If we want flexibility to include other components, e.g. MAC CEs, or ordinary DL user data (considering other use cases than connecting from IDLE) we need more bytes for LCIDs and subheaders.
So why does the size of msgB matter? MsgB must be transmitted to cover all UEs in the cell, thus a smaller message is preferred over a larger message. This should be investigated in more detail, but we can do a rough calculation whether it is possible to send a large msgB to the cell edge. The ITU IMT-2020 requirements on spectral efficiency is 0.12 bit/s/Hz (5% user throughput on the downlink for eMBB). This number reflects good link adaptation. Assuming msgB has to cover cell edge UEs (the WID states that all cell sizes for Rel-15 shall be supported) and further assuming a bandwidth of 10 MHz the UE at the cell edge can receive (per subframe) 10*10^6 * 0.12 * 0.001 = 1200 bits or 150 bytes, which is optimistic given our assumption for link adaption. With our estimate of the msgB size we can schedule at most 1 UE per subframe. Hence there is no point supporting multiplexing in msgB for this example.
[bookmark: _Toc7717706]The expected size of msgB can make multiplexing of several UEs infeasible.
One way to keep the size down is to design msgB to be transmitted to a single UE. This also allows for UE-specific link adaptation improving spectral efficiency further. The network should have a rough estimate of at least path loss after receiving PRACH and PUSCH of msgA so some basic link adaptation should be possible even in RRC_IDLE. If we make the same calculation for scheduled UEs then a value for the spectral efficiency should be closer to the requirement for mean throughput 3.3 bits/s/Hz. With the same values as above, we can schedule 10*10^6 * 3.3 * 0.001 = 33,000 bits or 4125 bytes, or roughly 35 MsgB.  While this estimate is also optimistic given imperfect link adaptation, there should be clear gains over scheduling purely for the worst case.
An argument for supporting multiplexing could be that the design should support multiplexing of several UEs and leave it for the network when to use it. After all, if we have a format which supports multiplexing of several UEs, then it is possible to include msgB only for one UE (if only one UE is doing RA for example). This is true, but if the network wants to send two msgBs but cannot perform multiplexing due to the restrictions explained above it would need to transmit two PDCCHs with the same RNTI and then two msgBs. This means the two UEs would attempt to receive two msgBs (one being for itself and one is for the other UE) during the msgB-window. This would consume one PDCCH occasion per UE during the msgB window. To allow for scheduling of two msgB in using one PDCCH occasion (but two PDCCH transmissions) a UE-specific RNTI would be required. This is described in [1]. A msgB design which does not support multiplexing is both feasible and efficient.
[bookmark: _Toc7717707]A msgB design which does not support multiplexing is both feasible and efficient.
An alternative solution proposed by some companies would be to only send RAR_B in msgB and the RRC Setup later. We find that design unacceptable as it violates the principle of 2-step RA if the RRC Setup must be transmitted in a third message. 
[bookmark: _Toc7717708]MsgB must be designed such that it can complete the 2-step RA procedure.
Several companies argue in the e-mail discussion for multiplexing to keep PDCCH overhead down. While it is correct that sending one msgB to each UE costs more PDCCH resources than sending one msgB too many, we think the potential gain in spectral efficiency speaks against a multiplexed msgB. It should also be noted that it might be difficult to update random access procedures later on, which is why it is important to investigate this properly.
There are many open issues which impact the size of msgB. Reading the replies from companies which agree to multiplexing they have very different views on when to apply it (e.g. only in IDLE, if it contains fall back etc). Based on this we think it is too premature to make this agreement now. More study is needed to understand the consequences of multiplexing. 
[bookmark: _Toc7694497]RAN2 to continue study whether msgB can be transmitted to single or multiple UEs.
2.2	Support for fallback and back-off
For completeness we briefly describe how to support fallback and back-off [2, 3]. In short, msg2 is used to indicate fallback and back-off. If the UE receives a msg2 with its RAPID it implies fallback to 4-step RA and the UE replies with msg3. The R-bits of the E/T/R/R/BI MAC subheader can be used to indicate back-off for UEs performing 2-step RA. Once the BO timer expires, the UE retransmits msgA (i.e. does not fall back). This implies the UE has to monitor for both msg2 and msgB after transmitting msgA. 
[bookmark: _GoBack]4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The expected size of msgB can make multiplexing of several UEs infeasible.
Observation 2	A msgB design which does not support multiplexing is both feasible and efficient.
Observation 3	MsgB must be designed such that it can complete the 2-step RA procedure.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to continue study whether msgB can be transmitted to single or multiple UEs.
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