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1 Introduction

Many contributions [1][2][3][4][5] expressing the preference on frequency allocation
of SCH, BCH to facilitate cell search taking into account scalable bandwidth and UE
capability issues, especially how to handle 10MHz UE in 15MHz and 20MHz system.

This paper

® Try to link the valid ideas from [1][2][3][4][5], taking into account latest
RAN1/RAN?2 decision as well as the most common working
assumptions/requirements.

* Discuss also other common channels required to be received by UE while doing
cell search such as MBMS and PCH

Only resource allocation for common channels in frequency domain (not time

domain) is considered.

Structure of the paper is follow

* Summary of latest RAN1/RAN2 decision as well as the most common working
assumptions/requirements.

* Discussion on designs which meet most of RAN1/RAN2
decisions/assumptions/requirements while ignoring the system overhead in 20MHz
system

* Discussion on how system overhead of the full design can be reduced in case of
20MHz and 15MHz system

2 Summary of RAN1/RAN2 Status

* S1: 10MHez is still confirmed as minimum UE capability. If 20MHz UE capability
is assumed then the rest of the paper can be ignored.

* S2: System information (SI) is split into static part and flexible part.
0 Static part: bandwidth independent delivered on primary BCH (P-BCH) using
76 sub-carriers.
O Includes Scheduling information for secondary SI
O Includes Cell/PLMN search info
O Target of 1% BLER in 98% of the cell
0 Flexible part: bandwidth dependent delivered via secondary BCH (S-BCH)
which should exploit benefit of wideband transmission (while respecting
minimum UE capability)
* S3: UE in active state should be able to read BCH information in the serving cell

without interruption of user plan data (i.e. without switching RF). Though it is a
desirable to have feature, it’s unclear to what extend it is necessary.



S4: 1t is FFS if UE in active state should be able to read BCH information in the

neighbour cell without interruption of user plan data (i.e. without switching RF)

SS: In 20MHz system, due to 200kHz raster issue, there are three 1.25 MHz SCHs

(P-SCH, S-SCH).

0 The SCH in centre of 20 MHz band is needed for initial cell search by all UEs.

0 Two SCHs in centre of the left/right 10 MHz band are intended for neighbour
cell search for 10 MHz capability UEs

0 Exact structure of the SCHs in the centre of the left/right 10 MHz band are
subject to the conclusion of the discussion on non-initial cell search

S6: UE in Idle state should be able to receive SI, MBMS and PCH without

switching RF

S7: UE procedure should be as common as possible regardless of the system

bandwidth

S8: The UE capability for MBMS should be 10MHz

3 Discussion

Some terminologies below are given to ease further discussion

Initial cell search (ICS):
0 When: UE turn on power or back from out of coverage
0 What: search a cell to camp on (PLMN/cell selection)

* Neighbour cell search (NCS):

0 When: UE in Idle or Active state
0 What: measure neighbour cells for cell reselection or handover

Due to uncertainty in S3 and S4, the discussion below assume that

S3’: UE in active state may be required to read P-BCH in the serving cell without
interruption of user plan data (i.e. without switching RF). Other SI can be delivered
via DSCH.

S4’: UE in active state may be required to read P-BCH in the neighbour cell
without interruption of user plan data (i.e. without switching RF) for faster
handover.

3.1 System bandwidth is 10MHz or less
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Figure 1: 10MHz system

Figure 1 illustrates common channel in I0MHz system. For system bandwidth less
than 10MHz, similar figure applied. Main features are

UE in both Idle and Active states can receive all common channels.



* No difference in common channel reception procedure and performance between
10MHz & 20MHz UE capability.

3.2 20MHz system
3.2.1 Full duplication of common channels

3.2.1.1 Optionl
General idea is illustrated in Figure 2 with attempt to encapsulate decision in SS.
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Figure 2: Optionl (20MHz system)

Initial cell search:
* SCH-C & P-BCH-C are used when UE has no knowledge of system bandwidth

* After UE know the system bandwidth and that the cell is suitable for camping,
o0 10MHz UE will move to either Left or Right band for camping and completing
ST acquisition using S-BCH-L/R & P-BCH-L/R.

0 20MHz UE can use any combinations of all P-BCH and S-BCH to acquire full
SI

Neighbour cell search:
* Duplication of SCH and BCH allows 10MHz UE to camp on either Left/Right
band.

MBMS:
* Duplication of MBMS allows 10MHz UE to camp on either Left/Right band.

Paging:
* Duplication of paging allows 10MHz UE to camp on either Left/Right band.



3.2.1.2 Option2
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Figure 3: Option2 (20MHz system)

Most discussion for Option 1 is also applied here.

Option2 differs from Optionl in followings:

* SCH, P-BCH and S-BCH on either Left or Right band can be used for initial cell
search given that centre of any SCH is on the raster of 200kHz'.

* 10MHz UE does not have to switch RF to complete reading of SI on S-SCH during
Initial cell search.

* There is one SCH less

e Structure of SCH+BCH is the same as that in 10MHz system®.

Thus Option2 is more preferable over Optionl

3.2.2 Reduced duplication

Though the options discussed in previous section

» Satisfy most of the requirements in section 2

* Enable full system flexibility

They do have general problems due to duplication of common channel where

Standard will either has to accept the fact that

* There will be 2 sets of performance requirement for 2 types of UE as reception
performance of 20MHz UE would be at least 3dB better than that of 1I0MHz UE.
Or

e If the system is now designed to ensure a single minimum performance
requirement for I0MHz UE, it may be over designed for 20MHz UE. Note that at
some later stage 10MHz UE would be phased out.

So duplication should be minimised whenever overhead could be considerable (S-

BCH, MBMS, PCH).

3.2.2.1 Option3

Below we consider duplication reduction for Option2 which we will refer to as
Option3.

"If centre of SCH-L is on the 200kHz raster and centre of SCH-R is 600 sub-carriers away (9000kHz)
from centre of SCH-L, then centre of SCH-R is also on the raster.
? This can also be achieved with Option] but at the cost of using 3 P-BCHs.



Left band Right band

T

20MHz system with 1201 sub-carriers

SCH-L SCH-R
P-BCH-L P-BCH-R

Figure 4: Option3 (20MHz system)

Initial cell search:
* Only SCH and BCH on the Left band are used for Initial cell search.

Neighbour cell search:
* 10MHz UE
0 Idle state UE camp on the Left band only.
0 Active state UE camp on either Left or Right band.

MBMS:
* Transmission on Left band only (S8).

Paging:
* Transmission on Left band only (S8 and S6).

3.2.2.2 Option4

This option further minimizes the overhead of common channel like BCH. For
explanation, we use new concept of minimum UE capability defined in [6] as a UE
with

* FFT size of 1024 and sampling frequency at FFT input is 15.36MHz

e UE can receive (601+X) sub-carriers where 0<X <300.

Figure 5 and Figure 6 below illustrate the case where X=38 and 300 respectively.
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Figure 5: Option4 (20MHz system), X=38

Initial cell search:
® UE use SCH-C and P-BCH

* After reading P-BCH, UE knows the system bandwidth so it can tune’ it reception
bandwidth appropriately to receive about 639/1201 sub-carriers respectively.

Neighbour cell search:

® Minimum cap UE
0 Idle state: camp on band 1 only.
0 Active state: camp on either band 1/2/3. Note that while camping in band 2/3,
without switching RF, UE can
O use SCH-L or SCH-R for neighbouring cell search
O read P-BCH of target cell for non contention based HO
O read P-BCH of serving cell

MBMS:
* Transmission on centre 600 sub-carries only (S8).

Paging:
* Transmission on centre 600 sub-carries only (S8 and S6).
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Figure 6: Optiond4 (20MHz system), X=300
UE with X=300 have the same features as X=38.
In addition, minimum cap UE can
® Use band 1/2/3 for camping in any state

* In any band 1/2/3 and in any state,
0 receive MBMS without switching RF.
0 read S-BCH (without the need to duplicate S-BCH) i.e. both S3 and S4 are
satisfied.

? Note that this tuning step is always required to support scalable bandwidth.



3.2.3 Comparison
Compare to Option2, the Option3 has following pros and cons

* Pros:
0 No duplication of MBMS, PCH and S-BCH.

* Cons:
0 Paging is limited to Left band only. However, Left band is believed to be large
enough to handle all Idle state UEs in the system.
Thus Option3 is more preferable over Option2

Compare to Option3, Option4 has following pros and cons

® Pros: Depending on value of X
0 At least (when X=38)
O No duplication of P-BCH
0 Minimum cap UE camp in band 1 can use all 3SCHs for more accurate
neighbour cell search
0 At most (when X=300), in addition to those listed above (when X=38),
Minimum cap UE can
O use any band 1/2/3 for camping in any state
O In any band 1/2/3 and in any state,
— receive MBMS without switching RF.
— read S-BCH (without the need to duplicate S-BCH) i.e. both S3 and S4
are satisfied.

* Cons:
0 Since one more camp band may be needed for handling minimum cap UE, this
may
00 Put some restriction on bandwidth of L1/L2 control channel (see [7]).
0 Make load balancing a bit more complex
Thus Option4 seems to be more attractive than Option3

4 Conclusion

It is recommended that Option3 and Option4 be decided as working assumption for
LTE WI. At the moment we think that Option4 is more attractive than Option3.
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