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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57]Introduction
In RAN1#88bis meeting [1], the following agreements on the delivery of remaining minimum system information and other other system information have been made: 
	Agreements:
· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.



	Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification


In this contribution, we will discuss the contents of remaining minimum system information, and delivery of remaining minimum system information and other system information.
1. Delivery of other system information
[bookmark: OLE_LINK25][bookmark: OLE_LINK24][bookmark: OLE_LINK1]Transmission methods of other SI include periodic and on-demand transmission. For on-demand transmission of other SI, if a request such as an NR-PRACH msg 1 is sent to the gNB, the gNB can choose a subset of better beams from all of DL TX beams to transmit the other SI, based on the reception of the UL request. Through the above beam selection, the gNB can transmit the other SI only in specific DL Tx beam direction, and thus the number of beams used to send the other SI can be reduced. The power consumption of TRPs as well as interference can be reduced by using on-demand transmission of other SI, since fewer always-on signals are transmitted.
Proposal 1: On-demand transmission should be supported for other SI in NR.
In RAN1 #88bis meeting, it is agreed that the broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission, and the scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
In this section, we will discuss and analyze whether NR-PDCCH or remaining minimum system information will be used as the scheduling information of OSI.
According to our above discussion, on-demand transmission should be supported for other SI in NR. Therefore, one gNB can transmit other SI only in specific DL Tx Beam direction.
Because other SI is often transmitted only in one or several beam directions of all beams, NR-PDCCH corresponding to option 1 should be used to schedule the OSI. More specifically, less repeated scheduling information is transmitted, and thus transmission efficiency of scheduling information is higher in option 1 than that of option 2. 
[bookmark: OLE_LINK3]Proposal 2: NR-PDCCH is preferred as the scheduling information of other SI.
1. Contents of remaining minimum SI
[bookmark: OLE_LINK4]In this section, we will discuss the parameters which should be contained in remaining minimum SI. According to the LS from RAN2 in [2], RAN2 agreed that minimum SI is always present and periodically broadcasted in a cell. Hence, the minimum SI is not subject to on-demand SI delivery. Without the requirement of on-demand delivery for remaining minimum SI delivery, it seems that PRACH does not need to be sent prior to remaining minimum SI, and thus the configuration of PRACH does not need to be included in the PBCH. In order to reduce the overhead of NR-PBCH, the random access configuration should be included in the remaining minimum SI. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK27][bookmark: OLE_LINK26][bookmark: OLE_LINK29][bookmark: OLE_LINK28]Another question to be discussed is whether PLMN and cell barring information should be contained in NR-PBCH, remaining minimum SI or in other SI. If this information is contained in other SI, an obvious problem is the UE will send PRACH without knowing PLMN and cell barring information. This will result in an invalid PRACH transmission resulting in unnecessary interference and power consumption if the cell is not allowed to access. However, based on the above analysis, the parameters of PRACH should be included in the remaining minimum SI. Thus, when the PLMN and cell barring information are contained in the remaining SI instead of NR-PBCH, the UE will obtain the parameter configuration of PRACH, PLMN and cell barring information at the same time, and the UE will not send invalid PRACH if the cell is not allowed to access. Therefore, PLMN and cell barring information should be contained in the remaining minimum SI instead of in the NR-PBCH.
According to reference [2], cell ID and scheduling information for other SI should be contained in the minimum SI. To reduce the overhead of NR-PBCH, these parameters should be contained in remaining minimum SI.
In our companion contribution [3], we propose to support RACH resource selection based on CSI-RS, also for random access from IDLE mode. It may be suitable to use CSI-RS for L3 mobility for this purpose, but it’s up to the network to decide which CSI-RS configuration to use for RACH resource selection. To support this, it should be possible to include the configuration of the CSI-RS in the remaining minimum SI, together with the random access configuration.
[bookmark: OLE_LINK11]It has been agreed that the position(s) of the actually transmitted SS blocks within an SS burst set can be informed for helping CONNECTED/IDLE mode measurements. Such information may also be relevant for the configuration of associations in the random access configuration [4]. Hence, the SS burst set configuration may also be included in the remaining minimum SI.
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK21][bookmark: OLE_LINK20]In order to support the on-demand transmission of different parts of the other SI, different parts of the other SI should be triggered independently by e.g. different PRACH resources. Because the capacity of NR-PBCH is limited and the configurations of different PRACH resources will need more bits, the configurations of different PRACH resources should be contained in remaining minimum SI. In addition, taking into account increased types of other SI in the future, new configurations of PRACH need be introduced to request the increased types. Therefore, also from the point of view of forward compatibility, configurations for requesting other SI should be included in the remaining minimum SI instead of in NR-PBCH. In other words, the UL transmission to request delivery of other SI can be done after the reception of the remaining minimum SI.
Proposal 3: For on-demand delivery of other SI, different parts of other SI should be requested independently by e.g. different PRACH resources, and these different PRACH resources should be configured in the remaining minimum SI.
1. Delivery of remaining minimum SI
3. Structure of remaining minimum SI
In order to reduce the beam sweeping time for remaining minimum SI, the symbol number in one block of remaining minimum SI should be as little as possible. On the other hand, the symbol number in one block of remaining minimum SI should also meet the BLER requirement of remaining minimum SI. In this section, we will evaluate the required number of PDSCH symbols in one block of remaining minimum SI. In our evaluation, it is assumed that the PDSCH bandwidth of remaining minimum is 27 PRBs corresponding to the maximum transmission bandwidth for NR-PBCH design in [1].
In response LS [2], RAN2 answered that “Note that the minimum SI should accommodate at least around 250 bits for L2/L3 operation based on the current agreements.” In addition, RAN1 in [1] have agreed that “RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC”. Based on the two conclusions, it seems that payload size for remaining minimum is (at least) about 200 bits. Therefore, 200 bits payload size for remaining minimum SI is assumed in our simulation. More detailed simulation conditions are shown in the appendix.
[image: ]
Figure 1: Evaluation results for PDSCH symbol number of remaining minimum SI
As shown in figure 1, it seems that 4 symbols in one block of remaining minimum SI is required to meet 1% BLER under the target post-beam SNR -6 dB. Considering more beams such as scores of beams, it will take very long for one gNB to finish beam sweeping for remaining minimum SI. Therefore, the discontinuous burst structure for remaining minimum SI needs to be introduced to not blocking the transmission of other UEs. More specifically, for a round of beam sweeping in multiple beam case, remaining minimum SI consists of several discontinuous bursts, and each burst contains multiple blocks.
Proposal 4: Due to the long time-domain duration, discrete burst needs to be introduced for remaining minimum SI.
3. Multiplexing of remaining minimum SI and SS block
For the multiplexing of remaining minimum SI and SS block, we will discuss the following schemes and compare them.
· Option 1: FDM is used between SS block and block of remaining minimum SI. In this scheme, additional beam sweeping for remaining minimum SI can be avoided by FDM multiplexing between SS block and block of remaining minimum SI. In addition, after one UE finish beam training for SS block, the position of best block for remaining minimum SI corresponding to the strongest SS block can be obtained. Therefore, the scheme has lower detection complexity and lower energy consumption for one UE. However, when the system bandwidth is limited, remaining minimum SI can be not multiplexed in SS block in FDM manner. 
· Option 2: A block of remaining minimum SI is multiplexed in an SS block by TDM manner. In this scheme, the number of symbols for one SS block will increased significantly, and thus the duration of SS block will be increased accordingly. When the transmission cycle of remaining minimum SI is inconsistent with that of the SS block, it will cause the absence of remaining minimum SI in some SS burst sets, which will lead to the inconsistency among different SS burst sets. For unused blocks of remaining minimum SI in one SS burst, other UEs can be scheduled by mini slots, however, resource efficiency is lower due to more reference signal overhead in the mini slots. 
· Option 3-a:  With maximum number of blocks in one burst set of remaining minimum SI , another round of beam sweeping is adopted for PDSCH of remaining minimum SI. In this scheme, PDCCH for remaining minimum is multiplexed in SS block in FDM, and another round of beam sweeping is adopted for PDSCH of remaining minimum SI. For one burst containing PDSCH of remaining minimum SI, the block number of remaining minimum SI is identical to the SS block number of the SS burst, and only some blocks in one burst is used to transmit remaining minimum SI. Further, this scheme is shown in figure 2. In one burst of remaining minimum SI, the transmitted block locations are consistent with that of the SS block in one SS burst. The benefit of the scheme is that the beam association relationship is established between SS block and block of remaining minimum SI. When one UE finish beam training for SS burst set, the best block position for remaining minimum SI corresponding to the strongest SS block can be obtained. For unused block of remaining minimum SI in one SS block, other UEs can be scheduled by mini slots, however, resource efficiency is lower due to more reference signal overhead in the mini slots. 


Figure 2: Multiplex between remaining minimum SI and SS block in option 3-a
· Option 3-b: With the actual number of transmitted blocks in one burst of remaining minimum SI, another round of beam sweeping is adopted for PDSCH of remaining minimum SI.
In this scheme, PDCCH for remaining minimum SI is multiplexed in SS block by FDM manner, and another round beam sweeping is adopted for PDSCH of remaining minimum SI. For one burst containing PDSCH of remaining minimum SI, the block number for remaining minimum SI is identical to actual number of transmitted blocks. The scheme is shown in figure 3. 


Figure 3: Multiplex between remaining minimum SI and SS block in option 3-b
For the scheme 3, a certain delay will occur between PDCCH and PDSCH of remaining minimum SI. Since the indication information for remaining minimum SI such as MCS and resource allocation are rarely changed, the delay will not cause obvious problems. In addition the delay between PDCCH and PDSCH of remaining minimum SI can be reduced by placing remaining minimum SI adjacent to the former SS burst. In this scheme, the time-domain location for PDCCH indicating the remaining minimum can be obtained after strongest SS block is detected. Therefore, the detection complexity can be reduced by avoiding blind detection of PDCCH in multiple SS blocks. In addition, the duration of remaining minimum SI can be reduced by multiplexing the PDCCH indicating remaining minimum SI in SS block.
However, the beam association between SS block and block of remaining minimum SI cannot be established due to the fact that UE does not know the actual position of transmitted SS blocks in the SS burst. Therefore, the UE may store multiple blocks of remaining minimum SI up to tens of milliseconds until PDCCH indicating remaining minimum SI is successfully received in the best SS block. It seems to be unacceptable for one UE to storage multiple blocks of remaining minimum SI up to tens of milliseconds.
· [bookmark: OLE_LINK2]Option 4-a: With maximum number of blocks in one burst set of remaining minimum SI, another round of beam sweeping is adopted for whole remaining minimum SI. In this scheme, another round of beam sweeping is adopted for remaining minimum SI containing both PDCCH and PDSCH. For one burst of remaining minimum SI, the nominal number of blocks of remaining minimum SI is identical to the SS block number of the SS burst, but only some blocks in one burst are used to transmit remaining minimum SI. Further, this scheme is shown in figure 4. In one burst of remaining minimum SI, the locations of the actually transmitted blocks are consistent with those of the actually transmitted SS blocks in one SS burst. Similar to Option 3-a, the resource efficiency of the scheme is lower due to the number of used blocks in one burst of remaining minimum SI.


Figure 4: Multiplex between remaining minimum SI and SS block in option 4-a
· Option 4-b: With actual number of transmitted blocks in one burst of remaining minimum SI, another round beam sweeping is adopted for whole remaining minimum SI.
In this scheme, remaining minimum SI containing both PDCCH and PDSCH is multiplexed in another round beam sweeping. In one burst, the block number of remaining minimum SI is identical to actual number of transmitted blocks in one SS burst. The scheme is shown in figure 5.
For the scheme, all the blocks are used to send the remaining minimum SI in one burst, and thus the low resource efficiency is not caused by unused blocks. 
For one UE, it will blindly detect PDCCH of remaining minimum SI based on the information of the common control resource set(CCRS), and the information of CCRS is contained in NR-PBCH according to our companion contribution [5]. More specifically, the space of PDCCH can be divided into several control resource sets. In the initial access phase, one UE is not able to know where CCRS containing common search space(CSS) of remaining minimum SI is located before receiving the PBCH . Thus, NR-PBCH need to inform where the position of CCRS is and how much its bandwidth is. By receiving the NR-PBCH, one UE can obtain location and bandwidth of CCRS. Considering the location of CSS may be fixed in CCRS, one UE can know the location of the CSS after position and bandwidth of CCRS are obtained. After knowing location of the CSS, UE will perform blind detection of PDCCH indicating remaining minimum SI in the CCS space. In option 4-b, the actual transmitted SS block in the SS burst is not known by one UE before the UE receive remaining SI. As a result, the association relationship between SS block and the block of remaining minimum SI can be not established, so that the UE will perform the above PDCCH blind detection of remaining minimum SI in all blocks in one burst. 
However, the more power consumption caused by detecting PDCCH in all blocks of one burst is not a significant problem. Compared with the maximum block number in one SS burst set, the block number in one burst of remaining minimum SI has been reduced. In addition, remaining minimum SI will only be received when the initial access is performed or remaining minimum SI is changed. Therefore, the reception for remaining minimum is not so frequent, and thus the energy consumption caused by detecting the PDCCH indicating remaining minimum SI is not a significant problem. In addition, since there is no association between SS blocks and blocks of remaining minimum SI, the beam order in one burst of remaining minimum SI is more flexible. Therefore, it is beneficial for one gNB multiplex other UEs in blocks of remaining minimum SI.


Figure 5: Multiplex between remaining minimum SI and SS block in option 4-b
When the system bandwidth is sufficient, option 1 is preferred because extra beam sweeping for remaining minimum SI can be avoided. If the system bandwidth is limited, extra beam sweeping should be used to transmit remaining minimum SI. For the beam sweeping for remaining minimum SI, resource efficiency is low in option 2, 3-a and 4-a due to some unused blocks in the burst of SS or remaining minimum SI. As for option 3-b, storage time for remaining minimum SI is too long and it seems to be unacceptable. However, the option 4-b does not have the problem of low efficiency and long storage time of remaining minimum SI. Despite the high power consumption for PDCCH detection in option 4-b, the remaining minimum SI is not received so frequently, and thus is not a significant problem for the power consumption due to PDCCH detection.
Proposal 5: When the system bandwidth is sufficient, option 1 is preferred. Otherwise, option 4-b is preferred.
1. Conclusions
Proposal 1: On-demand transmission should be supported for other SI in NR.
Proposal 2: NR-PDCCH is preferred as the scheduling information of other SI.
Proposal 3: For on-demand delivery of other SI, different parts of other SI should be requested independently by e.g. different PRACH resources, and these different PRACH resources should be configured in the remaining minimum SI.
Proposal 4: Duo to the long time-domain duration, discrete burst need be introduced for remaining minimum SI.
Proposal 5: When the system bandwidth is sufficient, option 1 is preferred. Otherwise, option 4-b is preferred.
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6. Appendix
Appendix: Link-level evaluation assumptions
	 Parameter
	Assumption

	Carrier Frequency
	30 GHz

	Channel Model
	CDL-C

	Subcarrier Spacing
	120 KHz

	Delay spread
	30

	Channel coding
	TBCC

	Payload size
	200 bits

	UE speed
	3 km/h

	Reference signal
	DMRS, 4 REs per PRB 

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm 
UE: uniform distribution +/- 0.1 ppm 

	Phase Rotation Model
	Follow the PN model of [R1-165005]

	Number of interfering TRPs 
	0 TRP
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