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1 Introduction

This contribution summarizes the informal email discussion on issues related to the physical layer aspects of system information transmission for Rel-13 low-cost / coverage-enhancement UEs.

2 Discussion
Question 1: How many different TBS values to support for SIB1bis?
	Company
	Comments

	Nokia
	Support 3 different TBS values for SIB1bis.

	Sierra
	At least 3 but a small preference for 4 TBS values as this can reduce padding.

	Ericsson
	If very few bits are used for the TBS, e.g. 2 bits, this will give a very course granularity, a steps size of 128 bits in the range ~100-500 bits, which will lead to transmission of a high degree of padding bits and therefore the number of repetitions required could in worst case increase substantially. Using some extra MIB spare bits is a low price to pay in this context. We propose to use 4 bits for TBS indication. If it is desired to span a larger range than 104-584 bits, a somewhat larger step size than 32 bits can also be considered.
TBS field length

TBS step size (absolute)

Possible SIB1bis sizes

3 bits

32 bits

104-328 bits

4 bits

32 bits

104-584 bits

5 bits

32 bits

104-1096 bits



	Samsung
	TBS is indicated as part of a Mapping Table of MIB bits. About 8 TBS values seems sufficient to provide good granularity.

	Sony
	We can have 4 TBS sizes.  This can be joint coded with Repetition, Subframe, etc.

	NEC
	Support 4 TBS values for SIB1bis

	Huawei,HiSilicon
	Support 8 different TBS values for SIB1bis assuming there can be sufficient states in MIB to provide the other information that needs to be signaled. If MIB states are too limited, then consider a smaller number of TBS values, but efficient transmission of SIB1bis is important to overall system efficiency.

	LG
	We prefer at least 3 TBS sizes are supported

	Panasonic
	In case of 6 PRB assignment, current spec allows 152, 208, 256, 328, 408, 504 and 600 bits.

RAN2 agreed "maximum SIB1bis size in range of existing SIB 1 plus some extra (Final value and intermediate values is TDB)". Accordingly we think less than 300 bits are unlikely. Therefore, we propose not to support 152, 208 and 256 bits. Then the supported TBS would be 328, 408, 504 and 600. If these are too much, 600 is the candidate not to support it.

	ALU
	3 or 4 TBS values, no strong preference

	Intel
	4 TBS values may be sufficient; we are fine with 8 values as well, depending on MIB spare bit usage.

	QC
	Support 3 values for SIB1bis, which can be signaled jointly, e.g. with bundle size, in MIB.

	ZTE
	In order to reduce MIB overhead, 4 TBS values are sufficient.


Question 2: SIB1bis is transmitted periodically with a period of 80ms. Within a period, SIB1bis can be repeated a number of times. How many different repetition values to support for SIB1bis?
	Company
	Comments

	Nokia
	Support 3 different values corresponding to RSIB1bis = {1,2,4} SIB1bis transmissions within 80ms.

	Sierra
	Same as Nokia

	Ericsson
	Support RSIB1bis = 4 transmissions per 80 ms.
If desired, one less frequent value (every 40 or 80 ms) can also be considered.

	Samsung
	Support 4 values RSIB1bis = {2,4,8,16} within TSIB1bis =80 msec

	Sony
	We should support at least 4 repetitions per 80 msec.  Suggested values for RSIBbis = {4, 8 16}

	NEC
	Support multiple values {1, 2, 3, 4, 8}

	Huawei,HiSilicon
	Support 4 different values corresponding to RSIB1bis = {4, 8, 16, 32} SIB1bis transmissions within 80ms.
In view of legacy SIB1 will have 4 transmission within 80ms, the number for SIB1bis transmission should not be less than 4 considering  CE and coverage loss from 1R and BW reduction.

	LG
	{2, 4, 8, FFS on 16} are supported.

	Panasonic
	In our view, {4 times, 2 times, once} over 80ms are candidate value. 

	ALU
	Same as Nokia/Sierra ... option of 3 repetition values

	Intel
	Our preference is RSIB1bis = {2,4,8} within TSIB1bis =80 msec. RSIB1bis=1 may not be very useful if SIB1bis payload is expected to be upwards of 300 bits.

	QC
	Similar view as Nokia above. In addition, if large repetition is needed, then we should also fix the SIB1bis transmission content for some time so that UE can combine. This needs to be considered in RAN2.

	ZTE
	Agree with Sony. At least 4 repetitions per 80ms should be supported, and the value set of RSIBbis is {4, 8, 16}


Question 3: Possible subframes for SIB1bis transmission are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. How to indicate the subframe(s) to be used for SIB1bis transmission?
	Company
	Comments

	Nokia
	Subframe K to be used for SIB1bis transmission is indicated in the MIB. SIB1bis is transmitted in subframe K of radio frames for which the SFN mod (8/RSIB1bis) = 1.
In TDD, subframes {1,6} can also be used. In case subframe {1,6} is used, the UE assumes at least 9 OFDM symbols are available in the DwPTS.

	Sierra
	Need to understand value of making this configurable. Until then, Sierra prefers to fix in specification (e.g. always use odd SF #5) to save table entries for other configs e.g. TBS size.

	Ericsson
	SIB1bis can be transmitted in subframe 5 in odd frames for both FDD and TDD.

It is acceptable if PBCH repetition cannot be supported in 3-MHz TDD system, considering that the WID states that if it is particularly challenging to fulfil the coverage enhancement target in system bandwidths below 5 MHz then the work should focus on fulfilment of the coverage enhancement target in system bandwidths 5 MHz and above

	Samsung
	SFs can be SF#4 and SF#9 for FDD and SF#0 and SF#5 for TDD. Whether one or both are used is determined by the RSIB1bis value.

	Sony
	For FDD subframe {4, 9} and which one is/are used depends on RSIBbis which is jointly indicated with TBS, RSIBbis in the MIB.
No strong view for TDD.

	NEC
	FDD candidate subfames are {0, 4, 5, 9}, and TDD candidate subframes are {0, 1, 5, 6}. The used subframes are predefined in the specification (i.e. table).

	Huawei,HiSilicon
	Subframes to be used for SIB1bis transmission is indicated in the MIB..
In TDD, subframes {1,6} can also be used. In case subframe {1,6} is used, the UE assumes at least 9 OFDM symbols are available in the DwPTS.

	LG
	Fixed subframe is preferred. We like to allow transmission on {9} in one subframe and {0} in the next subframe for cross-subframe channel estimation. For TDD, special subframe is not used. 

	Panasonic
	In case of 4 times, MTC SIB1 is transmitted in {15, 35, 55, 75} subframe over 80ms periodicity.

In case of 2 times, two transmission subframes are determined using PCID from {15, 35, 55, 75} subframe over 80ms periodicity.

In case of 1 times, one transmission subframe is determined using PCID from {15, 35, 55, 75} subframe over 80ms periodicity.

	ALU
	Fixed subframe value(s) preferred (e.g. SF5 in odd frames for FDD), want to avoid additional signalling. 
No strong view for TDD.

	Intel
	The set of possible subframes in a radio frame can be fixed (OK with {4, 9} for FDD and {0, 5} for TDD) and the ones used can be implicitly determined based on the RSIB1bis​ value. For support of cross-subframe channel estimation, because of CRS-based transmission scheme for SIB1bis, cross-subframe channel estimations should be possible even if the SIB1bis is not transmitted on consecutive subframes. Open to further time-domain randomization of the subframes used based on PCID. However, this may only be possible for smaller values of RSIB1bis.

	QC
	Derived directly from entry in the MIB table.

	ZTE
	For FDD, in order to avoid the impact from PBCH transmission, especially for small LTE system bandwidth, and considering the possibility of cross-subframe channel estimation, the subframes to be used for SIB1bis could be SF#4 and SF#5.

For TDD, Rel-13 LC/CE UEs would not know configuration information of special subframes before acquiring SIB1bis. In order to ensure efficient utilization of special subframes, it would be preferable to restrict SIB1bis to the subframes (SF#0 and SF#5) which are never configured as special subframes.
In order to alleviate/avoid interference between different cells as much as possible, the actual frame(s) and subframe(s) in the above frame(s) used for SIB1bis are determined by the RSIB1bis value and PCID.


Question 4: The duration over which the content of SIB1bis cannot change is either (a) fixed in the specification or (b) determined from a table where the index to the table is included in the MIB.
	Company
	Comments

	Nokia
	Fixed in the specification

	Sierra
	Fixed in the specification

	Ericsson
	Fixed in the specification (equal to the SIB1bis transmission period 80 ms)

	Samsung
	Determined from a Table

	Sony
	Fixed in the specs which is dependent upon the TBS and RSIB1bis.

	NEC
	FFS.

	Huawei, HiSilicon
	The value of SIB1bis modification period is an integer multiple of TSIB1bis, and is indicated by MIB.

	LG
	If it’s fixed in the spec, the value should be sufficiently large to cover 15dB enhancement. We prefer it derives from maximum coverage level that the network supports. In terms of maximum coverage level, jointly coded with TBS/repetition # is fine with us. 

	Panasonic
	Fixed in the specification. In RAN2 contribution R2-156191, we propose following condition.

SIB1bis change boundary is identified using the equation SFN mod 512 = 0.

	ALU
	Fixed in the specification.

	Intel
	We are OK with a fixed value. The value of 'm' should be able to accommodate the maximum number of repetitions that might be required by the UE to decode SIB1 within the "m*TSIB1bis " with the TSIB1bis =80ms.

	QC
	Derived from table. For the same TBS, there can be a big difference in required number of repetitions between 5dB coverage enhancement and 15dB, so fixing it in the specification can lead to inefficiencies.

	ZTE
	Fixed in the specification (considering SIB1bis repetition time under large CE).


Question 5: How should the MIB spare bits be used to indicate SIB1bis scheduling, Rel-13 LC UE support, and coverage enhancement support? How many MIB spare bits to be used?
	Company
	Comments

	Nokia
	A table is used whose entry indicate TBS, no of transmissions within 80ms, and subframe used. One entry can indicate no support for Rel-13 low-cost MTC UE / coverage enhancement in the cell. 5 spare bits to be used for the table.  An example table is provided in R1-156650.

	Sierra
	Strong preference for a table. Strong preference to use <=5 bits. 
Prefer to use 4 bits if possible. Something like this:  2 bit for TBS,  2 bits config state,  
     0 – no MTC, no CE, no SIB1bis 
     1 – MTC, no CE, SIB1bis every 8 frames

     2  – MTC, CE, SIB1bis every 4 frames

     3   – MTC, CE, SIB1bis every 2 frames 

	Ericsson
	Use 4 bits to indicate TBS for SIB1bis.

Use 1 bit to indicate cell support for LC UEs.

Do not use MIB spare bits to indicate cell support for CE UEs.

	Samsung
	Use 5 bits to indicate TBS, RSIB1bis, duration based on Table mapping. 
Use 1 bit to indicate cell support for LC UEs. 

No need to explicitly indicate support for CE UEs. 

	Sony
	5 spare bits:

1 bit to indicate support for LC-MTC
4 bits to indicate one of 16 combinations of TBS, RSIBbis, subframe location, etc.



	NEC
	A Table of 4/5 spare bits should be used containing at least TBS, CE support, SIB1bis repetitions within 80ms.


	Huawei,HiSilicon
	A table is used whose entries indicate among the possible TBS values; the number of transmissions within 80ms; and subframe(s) used. One entry indicates no transmissions of SIB1bis, which means the cell does not support for Rel-13 low-cost MTC UE and coverage enhancement, in which case the UE behaves according to procedures agreed in RAN2 as regards cell (re-)selection. 5 spare bits can be considered.

	LG
	Total 5 bits (or preferably 4 bits) are used to indicate maximum coverage level, TBS and number of SIB1bis repetition. One entry is reserved to indicate “not support of LC”. Otherwise, it is assumed that LC is supported by the network. Thus, no additional bit is necessary to indicate support of LC. 

	Panasonic
	5 spare bits are used. Our proposal is described in R1-157373.

Total 5 bits (4 bits for MTC SIB1 and RSIB1bis and 1 bit for CE support) are used within the reserved MIB/PBCH field.
LC UE support is indicated in MTC SIB1.
Following table is used.

4 bits reserved bits value
Transport block size of MTC SIB1
RSIB1bis
0
No LC UE support
No CE support
No LC UE support
No CE support
1
328
4
2
408
4
3
504
4
4
600
4
5
328
2
6
408
2
7
504
2
8
600
2
9
328
1
10
408
1
11
504
1
12
600
1
13
reserved
reserved
14
reserved
reserved
15
reserved
reserved


	ALU
	4~5 MIB spare bits, jointly encoded to indicate a pre-defined combination of:

TBS (at least 3 sizes), Repetition Value {1,2,4}, CE support {1 value}
For CE support we are assuming that now refers to CE Mode B and does not differentiate between support for the 10dB and 15dB levels.



	Intel
	4 to 5 bits for a Table to jointly indicate TBS values, RSIB1bis values, and SIB1bis modification period. No need to explicitly indicate CE support. 1 bit needed to indicate LC MTC support. FFS: Any additional bits to indicate set of available NBs for SIB1bis hopping.

	QC
	1 bit for LC UE support, coverage enhancement support can be implicitly derived from SIB1 scheduling information (e.g. if SIB1 is scheduled targeting 10dB CE then that is the maximum coverage enhancement support).

	ZTE
	Prefer to use 4 bits. Specifically, 2 bits are used to indicate TBS, and another 2 bits are used to indicate Rel-13 LC UE support, CE support and RSIB1bis. For example,

0  – No LC/CE,

      1  – LC, RSIB1bis = 4,
      2  – LC/CE, RSIB1bis = 8,
      3  – LC/CE, RSIB1bis = 16.




Question 6: Any remaining details for SIB1bis scheduling and indication of support for Rel-13 LC UE and coverage enhancement?
	Company
	Comments

	Samsung
	Randomization is also needed in time as collisions are certain if randomization is only for the narrowband hopping pattern. 

	NEC
	CE support should be included in the table above (Q5).


	Huawei,HiSilicon
	A modification period should be defined to allow UE to make accumulation across multiple 80ms window.

	Panasonic
	Randomization is supported when SIB1bis transmission is less than 4 times over 80ms.

	Intel
	Agree with HW. We are also open to considering time randomization.

	QC
	Support of different coverage enhancement levels can be implicit based on the SIB1 repetition/duration.

	ZTE
	For SIB1bis transmission, if randomized principle between cells is used to determine narrowband location, randomized principle is also used to determine time location. Similarly, if orthogonal principle between cells is used to determine narrowband location, orthogonal principle is also used to determine time location. In other words, uniform principles should be used to determine narrowband and time locations.


Question 7: For PBCH repetition mapping, symbols without CRS are repeated in symbols without CRS in a PBCH subframe.  Symbols with CRS may be repeated in symbols with CRS in a PBCH subframe (FFS whether they can be repeated in symbols without CRS). What is the detailed PBCH mapping?
	Company
	Comments

	Ericsson
	CRS should not be repeated in symbols without CRS.

Adopt a straightforward PBCH repetition mapping such as the one in the tables and illustrations in our contribution R1-156419.

	Samsung
	Equal repetitions for all MIB symbols. This requires that MIB symbols with CRS are repeated in subframe symbols without CRS (does not mean CRS is transmitted – up to the eNB). A uniform pattern is the simplest and offers better performance.

	Huawei, HiSilicon
	For our detailed view showing RE mappings, please refer to R1-156483. In summary, a complete PBCH repetition should be mapped to the symbols without CRS, on subcarriers which do not contain CRS in other symbols. The mapping of PBCH repetitions should be the same across radio frames.

	LG
	Our preferred mapping is captured in R1-156846. 

	ALU
	Support a simple PBCH mapping that is uniform across radio frames.

	Intel
	Our preferred mapping is described in R1-157289. In summary, the mapping should be simple and follow the order of the original PBCH symbols. Additionally, it should be possible to map PBCH symbols with CRS on those without CRS – the CRS transmitted could just be copies from the original PBCH symbol. This should be a very simple optimization with clear benefits as it enables improved channel estimation which is a key consideration for PBCH demodulation just like frequency tracking.

	QC
	Repeat symbols with CRS in symbols with CRS, and symbols without CRS in symbols without CRS. For FDD, same mapping in subframe 9 and 0. We can keep the same mapping for TDD too for simplicity.

	ZTE
	Symbols with CRS are repeated in symbols with CRS and should not be repeated in symbols without CRS.


3 Summary and Proposals
Question 1: How many different TBS values to support for SIB1bis?
	Summary:

· 3 or 4: Nokia Networks, Sierra Wireless, Sony, NEC, LG (at least 3), Panasonic, ALU, Intel, Qualcomm, ZTE
· 8: Samsung, Huawei, HiSilicon, Intel

· 16: Ericsson

Proposal:
· Support 4 TBS values.


Question 2: SIB1bis is transmitted periodically with a period of 80ms. Within a period, SIB1bis can be repeated a number of times. How many different repetition values to support for SIB1bis?
	Summary:

· {1,2,4}: Nokia Networks, Sierra Wireless, Panasonic, ALU, Qualcomm

· {4}: Ericsson

· {2,4,8,16}: Samsung

· {4,8,16}: Sony, ZTE
· {1,2,3,4,8}: NEC

· {4,8,16,32}: Huawei, HiSilicon

· {2,4,8,16 (FFS)}: LG

· {2,4,8}: Intel
Proposal:
· Support {4,8} SIB1bis transmissions per 80ms, discuss {2,16} SIB1bis transmissions per 80ms.


Question 3: Possible subframes for SIB1bis transmission are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. How to indicate the subframe(s) to be used for SIB1bis transmission?
	Summary:

· Option 1: Fixed or predefined subframes

· Subframe #5 in odd radio frames: Ericsson, Sierra Wireless, ALU, Nokia Networks

· Predefined based on TBS and RSIB1bis: LG

· Predefined based on RSIB1bis: Samsung, Intel

· Predefined based on RSIB1bis & PCID: Panasonic, ZTE
· Predefined in the specification: NEC

· Option 2: Indicated in MIB: Sony, Huawei, HiSilicon, Nokia Networks, Qualcomm
Proposal:
· Subframe(s) to be used for SIB1bis are fixed or predefined in the specification, discuss exact method.


Question 4: The duration over which the content of SIB1bis cannot change is either (a) fixed in the specification or (b) determined from a table where the index to the table is included in the MIB.

	Summary:

· Fixed in specification: Nokia Networks, Sierra Wireless, Ericsson, Sony (based on TBS and RSIB1bis), Panasonic, ALU, LG, Intel, ZTE
· Determined from a table: Samsung, Huawei, HiSilicon, Qualcomm

Proposal:

· The duration over which the content of SIB1bis cannot change is fixed in specification to {512} radio frames


Question 5: How should the MIB spare bits be used to indicate SIB1bis scheduling, Rel-13 LC UE support, and coverage enhancement support? How many MIB spare bits to be used?
	Summary:

· How many MIB spare bits to be used?
· 4-5: Sierra Wireless (prefers 4), NEC, LG, ALU, Intel, ZTE (prefers 4)
· 5: Nokia Networks, Ericsson, Sony, Huawei, HiSilicon 

· 6: Samsung
Proposal:

· Use 4-5 MIB spare bits

· Fields to be indicated by MIB (either explicitly or as part of a table entry)

 

TBS

RSIB1bis
Subframe location

Duration/ Modification period

LC UE support

CE support

Nokia Networks

x

x

x

 

x

x

Sierra Wireless

x

x

 

 

x

x

Ericsson

x

 

 

 

x

 

Samsung

x

x

 

x

x

 

Sony

x

x

x

 

x

 

NEC

x

x

 

 

x

x

Huawei, HiSilicon

x

x

x

 

x

 

LG

x

x

 

 

x

 

Panasonic

x

x

 

 

x

x

ALU

x

x

 

 

x

x

Intel

x

x

 

x

x

 

Qualcomm

x

x

x

 

x

 

ZTE
x
x
x
x
Proposal:

· Discuss further


Question 6: Any remaining details for SIB1bis scheduling and indication of support for Rel-13 LC UE and coverage enhancement?
	Summary:

· Time randomization (Samsung, Panasonic, Intel, ZTE).
· CE support should be indicated in the MIB (agreed in RAN2).

· A modification period should be defined to allow UE to make accumulation across multiple 80ms window.

· Support of different coverage enhancement levels can be implicit based on the SIB1 repetition/duration.
Proposal:

· Discuss above issues further.


Question 7: For PBCH repetition mapping, symbols without CRS are repeated in symbols without CRS in a PBCH subframe.  Symbols with CRS may be repeated in symbols with CRS in a PBCH subframe (FFS whether they can be repeated in symbols without CRS). What is the detailed PBCH mapping?
	Summary:

· Option 1: R1-156419 (Ericsson)

· Option 2: R1-156751 (Samsung)

· Option 3: R1-156483 (Huawei, HiSilicon)

· Option 4: R1-156846 (LG)

· Option 5: R1-157289 (Intel)

· Option 6: Repeat symbols with CRS in symbols with CRS, and symbols without CRS in symbols without CRS. For FDD, same mapping in subframe 9 and 0. We can keep the same mapping for TDD too for simplicity. (Qualcomm)
· Option 7: Symbols with CRS are repeated in symbols with CRS and should not be repeated in symbols without CRS. (ZTE)
Proposal:

· Discuss and adopt one of the above mapping rules.
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