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1.
Summary

The LS from RAN5 [1] identifies a problem in implementing the Full RB allocation DL Reference Measurement Channel, and at the same time maintaining the same conditions used in the RAN4 Simulation assumptions. In summary, for test purposes the UE needs to receive MIB, SIB1 and SIB2 but the allocation of REs currently defined for the DL Reference Measurement Channel does not allow any resource for SIB1 and SIB2. Future tests may also require the transmission of SIB3.

MIB is already covered because it is transmitted on BCH, which is mapped to PBCH. This physical channel has a predefined RE allocation, and is already included in the RAN4 simulation assumptions.     

This paper considers a possible way forward by fixed scheduling of the SIBs.

1.
Solutions considered so far

The LS from RAN5 [1] listed the following options:

1) Define a fixed transport block size for each sub-frame (0,1,2,3,4,5,6,7,8,9). The target rate will be different during sub frames transmitting SIBs. 

For 1.4MHz channel bandwidth, it seems difficult to choose a payload TB size that could be used in all subframes, especially subframes 0 and 5. Our understanding is that to schedule SIB2 predictably a window size of 1ms would be needed, and transmission will occur in subframe 0. The size of SIB2 means that no payload data could be transmitted. If we skip measurements in sub-frames 0 and 5 the test coverage may be inadequate.  

2) The possibility to avoid transmission of DTCH data during sub-frames 0 and 5 for RX test cases and ensure the transmission of SIBs is complete given the UE will be in a RRC_CONNECTED state. Power level will not be constant across the radio frame.

The non-constant power level seems inconsistent with the way Rx test conditions are specified. As with Option 1, if we skip measurements in sub-frames 0 and 5 the test coverage may be inadequate.  

3) Varying DTCH transport block size dynamically depending on system information and configuration. 

We agree that varying DTCH transport block size dynamically depending on system information would be complex.

The following sections below consider whether it is possible to use fixed scheduling, to give a predictable pattern of SIBs. DTCH transport block sizes would depend on the frame and subframe.

3. Scheduling of SIB1, SIB2 and SIB3

SIB1

SIB1 is transmitted on DL-SCH, which is mapped to PDSCH and therefore has to share REs with the payload data. TS36.331 [2] clause 5.2.1.2 states: "The SystemInformationBlockType1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0."
So SIB1 is transmitted every 2 frames, in subframe 5. The periodicity and the number of repetitions are fixed.

· Start point: Frame for which SFN mod 8 = 0

· Position: subframe 5 in applicable frames

· Periodicity: 8 frames

· Number of repetitions: Original + 3 repeats, on frames for which SFN mod 2 = 0

The contents of SIB1 are defined in TS 36.508 [3] Table 4.4.3.2-2.

Initial estimate of the size of SIB1 is 120 bits. This assumes that no OPTIONAL fields are present, and in case of variable size lists only a minimum number of elements is present (for example, PLMNs). The value is therefore for the shortest possible SIB1.

To transmit this on PDSCH, we would add 24 bit CRC to get (120+24) = 144 bits. Assuming QPSK with target coding rate of 1/3 would give an ideal number of binary channel bits 144 x 3 = 432 bits. For 1.4MHz Ch BW on subframe 5 there are 180 available binary channel bits per RB (12 subcarriers) so (432/180) = 2.4 RBs. If we allocate 
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 = 2, and refer to TS 36.213 [4] Table 7.1.7.2.1-1 (Transport block size) the lowest available TB size to fit the data is 120 bits. This would give an actual coding rate of (120+24)/(2 x 180) = 0.40. For larger Channel BWs the coding rate could be lower, depending on which two PRBs are used for SIB1.

Note that the chosen TB size exactly fits the estimate of the number of bits, so it is possible that the next higher TB size of 144 bits may need to be used, giving a coding rate of 0.46.

As 1.4MHz Ch BW has a total of 6 available Resource blocks, 
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 = 4 remain for payload data in subframe 5 in frames when SIB1 is transmitted.

To complete the calculation for SIB1, we would need to:

· Calculate the payload size for the remaining 
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 = 4 on DTCH 

· Determine how DTCH and SIB1 are allocated to PRBs for higher channel bandwidths 

SIB1 also defines the scheduling of other SIBs. In 36.508 [3] Table 4.4.3.2-3, SIB1, schedulingInformation refers to subclause 4.4.3.1, Common configurations of system information blocks. The relevant data here would be for Combination 1, E-UTRA FDD/TDD single cell, which has SIB2 and SIB3. SIB1 also specifies the SI window length for the other SIBs, the default value currently in 36.508 [3] being “ms20” (= 20ms = 20 subframes). It is described in 36.331 [2] under SystemInformationBlockType1 as the Common SI scheduling window for all Sis.

We propose to change some of the parameter values in SIB1, to make the Reference Measurement Channels predictable and of minimum periodicity. Please see the following discussion on SIB2 and SIB3.

SIB2

SIB2 is transmitted on DL-SCH, which is mapped to PDSCH and therefore has to share REs with the payload data. 

TS36.331 [2] clause 5.2.1.1 states that SIB2 is carried in SystemInformation (SI) messages, and that the mapping of SIBs to SI messages is flexibly configurable by schedulingInformation included in SystemInformationBlockType1"

TS36.331 [2] clause 5.2.1.2 states that for SIB2: “Within the SI-window, the corresponding SI message can be transmitted a number of times in any subframe other than MBSFN subframes, uplink subframes in TDD, and subframe #5 of radio frames for which SFN mod 2 = 0. The UE acquires the detailed time-domain scheduling (and other information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH (see TS 36.321”.
The scheduling of the SI message is described in 36.331 [2] clause 5.2.3:

5.2.3
Acquisition of an SI message

When acquiring an SI message, the UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in SystemInformationBlockType1;

2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength;

2>
the SI-window starts at the subframe #a, where a = x mod 10, in the radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;

NOTE:
E-UTRAN should configure an SI-window of 1 ms only if all SIs are scheduled before subframe #5 in radio frames for which SFN mod 2 = 0.

1>
receive DL-SCH using the SI-RNTI from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received, excluding the following subframes:
2>
subframe #5 in radio frames for which SFN mod 2 = 0;
2>
any MBSFN subframes;

2>
any uplink subframes in TDD;

1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message;
From TS 36.508 [3] Table 4.4.3.1.2-1, SIB2 is the first entry in the SIB1 list, and has Scheduling Information No. n=1. This is fixed and cannot be varied.

· For tests using the DL RMC we propose a non-default value for the SI window length, of 1ms.

The reason for this choice is to remove any ambiguity about when the SIs are transmitted in the SI window. Using a value of 1ms ensures that the SIs are transmitted predictably in subframe#0. w is the si-WindowLength =1.
Using the formula x = (n – 1)*w in TS 36.331 [2] clause 5.2.3 above, with w=1 and n=1, gives x=0.

Then the SI window starts at subframe #a, where a = x mod 10 (mod 10 because there are only 10 available subframes). If x=0 then a=0 and the SI window starts at subframe 0. For SIB2 this is fixed regardless of the window length, because SIB2 is the first entry in the SIB1 list. 

The radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity.
· For tests using the DL RMC we propose a non-default value for SI periodicity, of 8ms.

Choosing T=8 (lowest possible value) gives SIB2 the same periodicity as SIB1. If a higher value is used, such as the 16 ms in TS 36.508 [3] Table 4.4.3.1.2-1, we would need to define more variants of radio frame for the Reference Measurement Channels before the radio frame pattern repeats. 

The resulting pattern would be:

· Start point: Frame for which SFN mod 8 = 0

· Position: subframe 0 in applicable frames

· Periodicity: 8 frames

· Number of repetitions: Single transmission only, once per period 

· Window length 1ms

· Is RAN5 aware of any problems likely to be caused by using non-default values?

The contents of SIB2 are defined in TS 36.508 [3] Table 4.4.3.3.-1.

Initial estimate of the size of SIB2 is 180 bits. As with other SIBs this assumes that no OPTIONAL fields are present, and in case of variable size lists only a minimum number of elements is present. The value is therefore for the shortest possible SIB2.

The transmission of SIB2 is considered together with SIB3.

SIB3

TS 36.508 [3] clause 4.4.3 refers to Common parameters for simulated E-UTRA cells, and applies to all simulated E-UTRA cells unless otherwise specified. “Combination 1” is stated to be the default combination which applies to E-UTRA FDD single cell scenario and E-UTRA TDD single cell scenario. It is therefore reasonable that it applies for RF Tx, Rx and Performance tests.

SIB3 is concerned with other cells, and as future tests such as RRM require other cells it may be useful to include it here. Information included is q-Hyst, cellReselectionPriority, q-RxLevMin, neighbourCellConfiguration and t-ReselectionEUTRAN. These all relate to other cells, and should not be relevant during Rx or performance tests.

Table 4.4.3.1.1-1 shows that Combination 1 includes SIB2 and SIB3. It seems therefore that SIB3 should be transmitted, It will be on DL-SCH, which is mapped to PDSCH and therefore has to share REs with the payload data.

SIB3 is carried on SI messages, in the same way as SIB2.

SIB2 and SIB3 can be concatenated, the SI being regarded as a container. The only requirement is that they have the same periodicity.

For SIB 3, 36.508 [3] Table 4.4.3.1.2-1 refers on to 4.4.3.4, where SIB3 periodicity is either “64” (1.4MHz, 3MHz) or “32” (5MHz to 20MHz).

· For tests using the DL RMC we propose a non-default value for SI periodicity, of 8ms. The purpose is to have the same periodicity for SIB2 and SIB3 to allow sending them in the same SI. This limits the variants of radio frame for the Reference Measurement Channels before the radio frame pattern repeats.

· Is RAN5 aware of any problems likely to be caused by using non-default values?

The contents of SIB3 are defined in TS 36.508 [3] Table 4.4.3.3-2.

Initial estimate of the size of SIB3 is 31 bits. As with other SIBs this assumes that no OPTIONAL fields are present, and in case of variable size lists only a minimum number of elements is present. The value is therefore for the shortest possible SIB3.

Adding SIB2 and SIB3 together gives a total estimate of (180 bits + 31 bits) = 211 bits
To transmit this on PDSCH, we would add 24 bit CRC to get (211+24) = 235 bits. Assuming QPSK with target coding rate of 1/3 would give an ideal number of binary channel bits 235 x 3 = 705 bits. For 1.4MHz Ch BW on subframe 0 there are 88 available binary channel bits per RB (12 subcarriers) so (705/88) = 8.01 RBs. But only 6RBs are available, so if we allocate 
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 = 6, and refer to TS 36.213 [4] Table 7.1.7.2.1-1 (Transport block size) the lowest available TB size to fit the data is 256 bits. This would give an actual coding rate of (256+24)/(6 x 88) = 0.63. For larger Channel BWs the coding rate could be lower, depending on which 6 PRBs are used for SIB2/SIB3.

To complete the calculation for SIB2/SIB3, we would need to:

· Determine how DTCH and SIB2/SIB3 are allocated to PRBs for higher channel bandwidths 
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Figure 1: One period of proposed SIB scheduling

4. Match to requirements

Using fixed SIB scheduling:

· The coding rate for the payload data is maintained.

· The DL signal would be constant power.
· All subframes would be tested

· The effect on throughput can be calculated  

The disadvantage is that many Reference Measurement channels would need to be redefined, the payload Transport Block sizes recalculated for more variants of frame / subframe #, and the throughput recalculated.

5. Recommendations

a) RAN5 is asked to consider whether the option outlined above might be a feasible way forward.

b) RAN5 is asked to consider whether the proposed changes to non default values for SI periodicity and Window length is likely to have any adverse effect.
c) RAN5 is asked to also consider whether the method could be extended for performance and RRM tests   
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