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1
Introduction
In Ran2#59 the two mechanism of system information scheduling which are semi-static scheduling and dynamic scheduling were discussed again [2]. Some companies raised concerns on the overhead caused by the dynamic scheduling approach and it was agreed to compare the overhead for both approaches. Furthermore system information scheduling was discussed in a conference call on RRC. Besides the semi-static and dynamic scheduling proposal which make use of segmentation a third proposal was raised by Ericsson based on time diversity. 
As it was our impression during the conference call that the semi-static proposal still was not clear to some companies we would like to describe it in this contribution. Furthermore the contribution provides a rough estimation of the control channel overhead for both approaches as agreed in Ran2#59.
The new proposal mentioned above which is based on time diversity will be address only shortly as we think that Ran1 has to proof the feasibility first. 

2
Review of proposals
2.1
Dynamic scheduling
In the dynamic scheduling approach the segments of each SU other than SU1 are transmitted within a time window. There are different proposals how to determine the end of the window. The window allows for SU segments being transmitted not necessarily in subsequent consecutive subframes. The subframes which are not used for SI transmission can be used for transmission of ongoing services. In this dynamic approach it is a scheduler decision which subframes are used for SI or user data. The UE has to decode the PDCCH in every subframe within the window which contributes to signalling overhead. It was clarified that in typical cases the window will not contain additional subframes for ongoing services.However if NW does not schedule all segments in consecutive subframes the UE does not know exact subframes allocated for BCCH and extra power consumption is caused in the UE. 
2.2
Semi-static scheduling
Semi-static scheduling does not require PDCCH information in every subframe. It reduces the signalling overhead by accepting reduced scheduler flexibility. PDCCH and scheduling information will be provided only once for all SIBs which belong to the same SU. Scheduling information may consist of a pattern (periodical or non periodical) which identifies the subframes for system information transmission, while the other subframes may be used by the scheduler for user data transmission. While a bit field requires as many bits as subframes for SU transmission we assume that a periodical pattern of 5 bits is sufficient to apply different scheduling options, i.e. different periods for SU and non SU transmission until the end of the SU. In particular in cells with small bandwidth these subframes for user data may allow for continuation of ongoing services. Common for both options is that SU1 contains SFN (modulus) of first segment of the SU, similar to dynamic scheduling. Depending on the location of PDCCH payload and scheduling information we can distinguish following 2 options.
Option 1:

In option 1 the information about which subframes are allocated for SU transmission is proposed to be contained in SU-1. Also the control channel information for the subsequent SUs will be transmitted in SU-1. As in the dynamic approach an indication of start and end subframe for SU transmission (window) is proposed. In principle these 3 parameters can be set for all following SU together or individually per SU. The latter case however will increase the signalling load. This is especially unfavourable as SU-1 is scheduled with 80ms periodicity. Another drawback of option 1 is that the window size and scheduling information of the following SUs must be decided many subframes before their transmission.
Option 1 needs following information in SU-1:
i. SFN of first segment for each SU

ii. number of segments per SU

iii. 5 bit pattern indication

iv. Allocation information from PDCCH in SU-1 (shall be the same for all segments per individual SU or common for all SUs) i.e. no PDCCH allocation in any SU segment, except SU-1.
Option 2:
In option 2 the scheduling information and allocation information valid for latter segments of an individual SU could be contained in the PDCCH in first subframe of this individual SU. These parameters will therefore only be valid per SU. The pattern will be applied periodically until the end of the SUand all segments follow the same allocation as the one allocated via PDCCH. This signalling mechanism reduces the overhead again, even compared to option 1 where scheduling information is completely located in SU-1, as SU1 has a higher periodicity as all other SUs. Furthermore option 2 has the benefit that the scheduler can decide on the size of the window and the periodical pattern at the time the transmission of the SU starts.
Option 2 needs following information in SU-1/PDCCH:

i. SFN of first segment for each SU (on SU-1)

ii. Number of segments (on PDCCH in first subframe of the SU)

iii. 5 bit pattern indication (on PDCCH in first subframe of the SU)

3
Comparison of overhead
3.1
Assumptions
· System information size (including all SIBs) is 2500bits

· 5  SUs are assumed. SU-1: 250bits; SU-2 500bits; SU-3 500 bits,  SU-4 500bits; SU-5 750bits ;

· Periodicities : 80ms; 160ms; 320ms; 500ms; 1000ms
· Number of segments per SU … 5 bits

· Periodical pattern per SU … 5 bits

· PDCCH payload … 25 bits
· Maximum BCCH information block length see annex. Please note that these block sizes are still preliminary. However as it is not the objective to calculate absolutely correct overhead results but to compare two approaches small inaccuracies should be tolerable. It shall be mentioned here that the worst case of 47 bits information block length was doubted in the conference call. Activities to increase the capacity on D-BCH are ongoing and one of the proposed solutions is to apply time diversity. However, until Ran1 has not shown that these small blocks lengths are unrealistic we will use this assumption for the worst case considerations.
· Both dynamic approach and semi-static scheduling need overhead in SU1 to define start of each SU. This overhead is neglected in the comparison. Additionally dynamic approach needs to send window size in SU-1while in the semi-static approach the number of segments can be sent in the first subframe of each SU.
3.2
Comparison of overhead for OPT1 and OPT2
· Option 1:

Overhead in SU-1 = Number of SU-1 per sec * [Number of SUs * (number of segments per SU + periodical pattern per SU) + PDCCH payload] = 13 * [4 * (5 bits +5 bits) + 25 bits] = 845 bits/sec

Please note that the number of SU-1 per sec is only 4 as SU-1 will not contain information for itself.
· Option 2:

As the number of segments and the pattern are included in the first subframe of each SU the overhead in SU-1 is zero.

Overhead = Occurance of SUs * (number of segments per SU + periodical pattern per SU + PDCCH payload) = 12 * 35 bits = 420 bits/sec
· Conclusion: Option 2 shall be applied (number of segments, periodical pattern and PDCCH payload in first subframe of SU).
3.3 PDCCH overhead for dynamic and semi-static solution
In order to understand need for semi-static and dynamic approach one should first investigate number of needed segments. In table 1 we have assumed that whole capacity/TTI is utilized for D-BCH.
Table 1: Needed segments if no segmentation information is in RLC/RRC
	
	Bandwidth (MHz)

	SU
	1,25
	5
	20

	
	best case
	worst case
	best case
	worst case
	best case
	worst case

	SU-2
	5
	11
	1
	2
	1
	1

	SU-3
	5
	11
	1
	2
	1
	1

	SU-4
	5
	11
	1
	2
	1
	1

	SU-5
	7
	17
	1
	2
	1
	1

	SUM
	22
	50
	4
	8
	4
	4


Best case: 3GPP case 1, 2 Tx SFBC

Worst case: 3GPP case 3, 1 Tx NOTE: BCCH delivery should be designed for worst case
When inspecting the table 1 it seems that overhead increase from PDCCH usage may be only a problem for small BW cells. If one could avoid using PDCCH for each segment of SU then the overhead for PDCCH is minimal also for small BW cells. Thus semi-static scheduling option 1 having parameters in PDCCH seems to be quite good solution as it allows flexibility for the network scheduler as well as it allows UE to know locations of SU segments thus providing good power saving possibilities. Another big advantage is that we may avoid segmentation information from RLC/RRC all together as one can utilize special format of PDCCH for that i.e. number of segments in PDCCH and pattern should be enough for segmentation information.  
3.3.1 Dynamic Scheduling
Overhead per sec = 6*SU-2 overhead + 3*SU-3 overhead + 2*SU-4 overhead + SU-5 overhead
For SU overhead see table 1 
PDCCH payload = 25 bits (as used for the semi-static overhead)

Best case:

For 1,25MHz we get overhead per sec = 62 * PDCCH payload = 1550 bits per sec

For 5 MHz we get overhead per sec = 12 * PDCCH payload = 300 bits per sec
For 20 MHz we get overhead per sec = 12 * PDCCH payload = 300 bits per sec

Worst case:

For 1,25MHz we get overhead per sec = 138 * PDCCH payload = 3450 bits per sec

For 5 MHz we get overhead per sec = 24 * PDCCH payload = 600 bits per sec

For 20 MHz we get overhead per sec = 12 * PDCCH payload = 300 bits per sec
3.3.2 Semi-static scheduling
If option 1 is used then only one instance of PDCCH is needed per SU repetition, thus overhead would be 12 PDCCH entries per second plus 12 * 35 bits= 420bits/s. Additionally one needs to send less segments per SU as one does not need to use RLC/RRC level segmentation information and there is more space for system information bits in DL-SCH.
This comparison shows that semi-static scheduling can reduce the overhead significantly in small bandwidth cells while in large bandwidth cells the results are quite similar. The by 10 bits increased overhead in the first subframe of a SU is ecpected to be acceptable. 
For transmission of control information PCFICH can configure 1, 2 or 3 OFDM symbols per subframe. It shall be clarified that the overhead calculation for option2 in 3.2 does not include the OFDM symbol. As the configuration is performed dynamically PCFICH can assign a single symbol for control information for the subframes following the first subframe. This OFDM symbol can be used for UL scheduling grants and feedback information on PHICH. Furthermore the saving of up to 2 OFDM symbols allows for power boosting in DL.

4
Semi-static scheduling with time diversity transmission
Transmission with time diversity was brought up in the email discussion. Although it is a new proposal which has to be investigated by Ran1 we want to address briefly how it could work with semi-static scheduling.
As this proposal aims to decrease the coding rate and expoilt time diversity several repetitions of an SU/SU segment will be needed. The UE will combine these repetitions so that depending on the radio quality different number of subframes has to be decoded. We think that SU-1 will contain a start SFN again and the periodicity of the repetitions. As it is unlikely that the PDCCH payload will change between the repetitions the same principle to send PDCCH information only once for all repetitions could be applied. There seems no need to signal a periodical pattern as user data can be sent in between the SI repetitions. A maximum number of repetitions could be set in SU-1.
Further analysis on the impacts is needed.

5
Conclusion
We have analyzed the overhead caused by PDCCH payload for dynamic and semi-static SI scheduling approaches. The results show that option 2 seems to offer good performance for all scenarios from 1.25MHz up to 20MHz cases as it needs to use scheduling information on PDCCH only for first segment of each SU.
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Parameters for the simulation:

· normal cyclic prefix length and 14 OFDM symbols per 1 ms TTI are assumed;
·  98% coverage reliability @1% BLER requirement in 3GPP simulation cases 1 & 3 defined in [3]
· reference symbols for all four transmit antennas are left unused for BCCH transmission
· BCCH is assumed to occupy fully the available bandwidth; 11 OFDM symbols are used per TTI (3 reserved for PDCCH);
· single transmit antenna (1Tx) and dual transmit antenna transmission applying Space Frequency Block Codes diversity technique (2Tx SFBC) are considered.
· the simulated channel model is 3GPP-TU and the UE velocity was set to 3 km/h.
Table 1 Maximum BCCH information block length (IBL) and required effective code rate (ECR) for 1 ms TTI; 1.25, 5, 10 and 20 MHz system bandwidths

	                         
	Tx         BW scheme
	1.25 MHz
	5 MHz
	10 MHz
	20 MHz

	3GPP Case 1
	1 Tx
	ECR≈1/19

IBL=75 bits
	ECR≈1/10

IBL=556 bits
	ECR≈1/9

IBL=1300 bits
	ECR≈1/9

IBL=2615 bits

	
	2 Tx SFBC
	ECR≈1/11

IBL=125 bits
	ECR≈1/7

IBL=840 bits
	ECR≈1/7

IBL=1774 bits
	ECR≈1/6

IBL=3616 bits

	3GPP Case 3
	1 Tx
	ECR≈1/30

IBL=47 bits
	ECR≈1/15

IBL=385 bits
	ECR≈1/14

IBL=817 bits
	ECR≈1/14

IBL=1672 bits

	
	2 Tx SFBC
	ECR≈1/17

IBL=81 bits
	ECR≈1/11

IBL=517 bits
	ECR≈1/11

IBL=1073 bits
	ECR≈1/11

IBL=2147 bits


Please note that these are preliminary simulation results.

