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Introduction
[bookmark: _Ref462918989]Several contributions [1-7] were submitted to previous RAN2 meetings with the intention to provide reliable delivery of the system information in NR-U based on the time-domain solution, as it was agreed in the study item phase that it is beneficial to extend the SI window in time domain in order to have more SI transmission opportunities. Also in the study item phase, it was considered beneficial to transmit multiple SI messages with just one LBT attempt by e.g., aggregating multiple SI messages into one SI messages, or allowing overlapped SI windows. The following is the SI related description in the final TR 38.889 [8].

	7.2.2.3.2       Other
Since System Information (SI) transmissions will be subject to LBT, it is beneficial to add more transmission opportunities in time domain for SI transmission, e.g. by configuring a longer SI window. 
If there is need to have multiple SI messages then with existing NR design, different SI messages require separate LBT procedures. It may be beneficial not to require multiple LBTs for different SI messages to increase the success probability of the transmission.



As the high level description in TR 38.889 provides very general description and still allows a lot of room for different solutions/enhancements, this discussion paper tries to provide way-forward from different solutions with the intention to converge to a more specific solution/direction. 

[bookmark: _Ref178064866]Discussion
The increased opportunities for SI transmission
It is pointed out in TR 38.889 that “it is beneficial to add more transmission opportunities in time domain for SI transmission, e.g. by configuring a longer SI window”. Also in NR-U WID [9], the objective for system information mentions “specify required NR modifications to enhance acquisition of system information in NR-U including increased transmission opportunities in time domain for SI transmission”. So first of all, we should stick to the agreed objective in WID that the increased transmission opportunities for SI transmission is provided in time domain only, at least RAN2 should not consider the increased transmission opportunities are provided in the BWPs other than the initial BWP
Proposal 1: RAN2 consider that the increased SI transmission opportunities in NR-U are provided within the initial BWP. What is initial BWP in NR-U is up to RAN1’s decision.

Regarding to the method on increasing SI transmission opportunities in time domain, several solutions were proposed by the companies [1-7] in RAN2#105 meeting. These solutions can be categorized into the following 4 options.
Option 1. One SI message maps to one unique SI window, overlapping of SI windows is not allowed
· The simplest way is to simply extend the SI window, and this can be done even without changing the current NR specification, if the overlapping of SI windows is not allowed [1][2]. 
Option 2. One SI message maps to one unique SI window, overlapping of SI windows is allowed
· The overlapping of different SI windows will occur if the total duration of all SI windows after extension is more than the periodicity of the SI cluster. Once two SI windows are overlapped with each other, UE cannot know which SI message it is receiving during the overlapped time. As a result, UE is not able to do the soft-combining of multiples (repeated) SI transmissions. In view of this, Ericsson [3] proposed to introduce multiple SI-RNTIs (each SI-RNTI maps to one SI message) so that UE can distinguish which SI message it is receiving during the period with overlapped SI windows.
Option 3. One SI message map to one SI window, which can be shared by multiple SI messages
· Samsung [4] proposed that more than one SI messages can be grouped into the same SI window with extended duration, even if these SI messages are transmitted with different periodicities. Then when the SI window arrives and channel is available, one or multiple SI messages can be transmitted depending on the periodicity of the SI message.
Option 4. One SI message is allowed to map to more than one SI windows
· OPPO, MTK and Panasonic [5][6][7] proposed to configure each SI message with one unique SI window and at least one additional backup window, where the backup window is used by gNB to compensate the transmission of the SI message that was not transmitted in the normal SI window due to failed LBT attempts. The backup window can be the existing SI window of another SI message in the same SI cluster, a totally new SI window shared by multiple SI messages in the same SI cluster, or a vacant SI window in the next SI cluster.
Among these options, option 1 may be the easiest and also requires no specification change. However, many network configurations will be limited if the overlapping of SI windows is not allowed; for instance, the network is not able to configure many SI messages while one SI message has very short periodicity.
Observation 1: Extending SI window while not allowing the overlapping of SI windows may limit the network configurations.
Option 2 and option 3 both allow overlapping as the consequence of extending the SI window length; the difference between option 2 and option 3 is that option 2 allows partial overlapping while option 3 tends to configure full overlapping. As to option 4, extending the SI window length is not required as the increased SI transmission opportunities are provided non-contiguously, which increases the chance of successful SI delivery as the channel access probabilities are less correlated. Using the backup window can also provide gNB more scheduling flexibility and sometimes can result in better resource (COT) utilization, as the gNB is able to aggregate multiple SI transmissions (including the new or reattempt transmissions) in one COT. 
Observation 2: Allowing SI messages to be transmitted in multiple windows increases the chance of successful SI delivery, provides gNB more scheduling flexibility, and also can result in better COT utilization.
Based on the above summary for different solutions and also the observations, we suggest RAN2 to make progress by down-selecting one option among the 4 options as the baseline for NR-U SI window design.
Proposal 2: RAN2 down-select one option from the 4 options listed below as the baseline for NR-U SI window design.
· Option 1. One SI message maps to one unique SI window, overlapping of SI windows is not allowed
· Option 2. One SI message maps to one unique SI window, overlapping of SI windows is allowed
· Option 3. One SI message map to one SI window which can be shared by multiple SI messages
· Option 4. One SI message is allowed to map to more than one SI windows
· Option 5. The mapping between the SI messages and SI windows is configurable
If option 2, 3, 4, or 5 of the above options is chosen as the baseline for NR-U SI delivery mechanism, at stage 3 phase we should consider how UE can distinguish different SI messages transmitted in the same/overlapped SI window. Option 3 obviously need such mechanism. Option 2 also requires such mechanism to deal with the overlapping period. Option 4 may require such mechanism if the shared SI backup window is configured. Again there are two options to achieve this, one is to use multiple SI-RNTIs as mentioned in Ericsson’ paper [3], and another option is to use the spare DCI bits to indicate which SI message(s) will be transmitted in the PDSCH as mentioned in MTK’s paper [6].
Proposal 3: RAN2 inform RAN1 the need for considering the mechanism and signalling details on how to distinguish different SI messages transmitted at the same time if such function is required.
In Release 15, overlapped SI window is used between SIB1 and the other SIBs. For this case, UE receives the repetitions SIB1 first using soft combining in order to know the scheduling of the other SIBs. Then UE further receives other SIBs using single soft combining buffer. Therefore, only one soft combining buffer is required. As soft combining buffer is one of complexity in UE receiver, even if different SI messages transmitted in the same/overlapped SI window is introduced, the design which does not increase soft combining buffer is desirable.
Proposal 4: The mechanism not to increase the requirement of soft combining buffer for SI reception should be taken into account.

Unified SI windows length
In LTE/NR, all SI windows are configured with the same length. However, in NR-U, the unified SI window length may cause the unfair treatment for the SI with longer periodicity. That is, the probability that a long-periodicity SI and a short-periodicity SI cannot be transmitted in one SI window are the same, but the consequence of missing a long-periodicity SI is that the UE may need to wait for much longer time before it can acquire the SI compared to the short-periodicity SI. For example, when network configures 40ms as the window length for both a 640ms-periodicity SI and a 160ms-periodicity SI, the chance that gNB cannot transmit the SI is the same for both SI messages, but the consequences are different. For the 160ms-periodicity SI, the increased latency is 160ms if gNB fails to transmit the SI; however for the 640ms-periodicy SI, the increased latency is 640ms if gNB fails to transmit the SI.
Observation 3: Configuring all SI windows with the same window length may result in unacceptable latency in acquiring the long-periodicity SI, if the long-periodicity SI cannot be transmitted due to LBT failure.
Therefore, we think it is reasonable to configure the SI window length individually for different SI messages with different periodicities. Ideally, gNB shall be able to configure the SI window length which is proportional to the periodicity of the SI message. In example case above, the SI window length of 640ms-periodicity is increased compared with the SI window length of 160ms-periodicity.
Proposal 5: In NR-U, SI window length can be configured individually for each SI message.

Conclusion
In this paper, we summarize the NR-U SI related contributions submitted to RAN#104 and provide the following observations. 
Observation 1: Extending SI window while not allowing the overlapping of SI windows may limit the network configurations.
Observation 2: Allowing SI messages to be transmitted in multiple windows increases the chance of successful SI delivery, provides gNB more scheduling flexibility, and also can result in better COT utilization.
Observation 3: Configuring all SI windows with the same window length may result in unacceptable latency in acquiring the long-periodicity SI, if the long-periodicity SI cannot be transmitted due to LBT failure.
Based on the observations, we provide the way-forward in the following, and RAN2 is kindly asked to discuss and approve the following proposals. 
Proposal 1: RAN2 consider that the increased SI transmission opportunities in NR-U are provided within the initial BWP. What is initial BWP in NR-U is up to RAN1’s decision.
Proposal 2: RAN2 down-select one option from the 4 options listed below as the baseline for NR-U SI window design.
· Option 1. One SI message maps to one unique SI window, overlapping of SI windows is not allowed
· Option 2. One SI message maps to one unique SI window, overlapping of SI windows is allowed
· Option 3. One SI message map to one SI window which can be shared by multiple SI messages
· Option 4. One SI message is allowed to map to more than one SI windows
· Option 5. The mapping between the SI messages and SI windows is configurable
Proposal 3: RAN2 inform RAN1 the need for considering the mechanism and signalling details on how to distinguish different SI messages transmitted at the same time if such function is required.
[bookmark: _GoBack]Proposal 4: The mechanism not to increase the requirement of soft combining buffer for SI reception should be taken into account.
Proposal 5: In NR-U, SI window length can be configured individually for each SI message.
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