3GPP TSG RAN WG2#57bis
 R2-071481
St. Julian’s, Malta
March 26-30, 2007


Source: 
Motorola 
Title:
BCH Scheduling
Document for: 
Decision 
Agenda Item:
5.3
1. Introduction

At the last meeting in St. Louis, some limited progress was made following the joint meeting with RAN WG1 on System Broadcast.  Per the minutes (R2-071151), the following is the current status:
Timing of P-BCH is 10 or 20 ms, tbd.

List of candidate information on the P-BCH:

· L1 parameters of the cell

· Time scheduling info for dyn BCH

· SFN (if not coded elsewhere)

· Value tag for other info (how many tbd, 0 or N)

· Other information are by default on the dynamic BCH, except if can be shown they should be moved in the P-BCH (to be studied on a case by case basis e.g. certain access restrictions)

First dynamic BCH block contains scheduling info and value tag for other SIBs; contains also PLMN, LA, cell id, barring status, etc

In addition there were comments made regarding the desirability of receiving the PLMN list frequently enough to ensure that network selection, camping, etc.  is not delayed. RAN WG1 is still to conclude on the P-BCH capacity and the information elements making up the L1 information for the BCCH. 
This contribution attempts to address what can be mapped to the P-BCH given updated results on P-BCH capacity (R1-071305 submitted to the Malta meeting).
2. Discussion
Sending the P-BCH in every 10 ms radio frame implies an additional overhead of multiple CRCs and the scheduling information for each instance of the P-BCH. Furthermore, with the current working assumption L1/L2 control channel will need to be sent out quite regularly to ensure reception of the SU carrying PLMN identity and other time critical information. Thus the overhead with the current working assumption is quite high. In principle the P-BCH repetition can be lowered but this will impact the UE’s ability to receive the SU-1 since the scheduling information doe SU-1 is contained within P-BCH.
Assuming a 40 bit payload for P-BCH and a 60 bit payload for SU-1, and a repetition period of 10 ms and 80 ms respectively for P-BCH and SU-1, the overall data rate for the combined P-BCH and SU-1 information is of the order of 8 kb/s (this includes 24 bit CRC for each instance of the P-BCH and SU-1, scheduling info for SU-1 and L1/L2 for SU-1).  This is quite excessive.
P-BCH Capacity

Annex A summarizes the results shown in R1-07305. It is shown that with temporal soft combining it is possible to transmit about 130 bits on the P-BCH assuming 98% coverage reliability and 1% BLER. The 130 bits P-BCH payload is supported with 5W power allocation. This P-BCH payload number grows to around 180 bits when increasing the power allocated to the center 72 resource elements (formally known as sub-carriers) from 5W to 12W. By not allocating the full power, the remaining resource elements in the sub-frame can be allocated for data scheduling thereby preserving overall spectral efficiency.
Preliminary results for the Dynamic BCH (D-BCH) indicate a maximum payload of 430 bits assuming the D-BCH spans all 300 active sub-carriers and power allocation of 20W. 
Cell-Edge

It should be noted that the current random access transmission is limited to 6 bits (5 bits for TDD). Thus at the current “cell edge”, corresponding to the 95% coverage for Case 3 (1732m inter-site distance and 20 dB penetration loss), no more than 6 bits can be reliably sent on the uplink. Given that any service that needs to be supported in the uplink would need to transmit many more than 6 bits in a TTI, the true “cell edge” for Case 3 is substantially closer-in than the current 1 km cell radius. And then, the above estimate for P-BCH capacity would represent a very optimistic estimate even for the most challenging of deployment scenarios. Thus we believe that we can in fact assume the full 130 bits is available for the P-BCH, if not more. Assuming a 24 bit CRC, that leaves a BCCH payload of 104 bits.
P-BCH Repetition

It is critical that we reduce the overhead for the P-BCH to a minimum. Thus the P-BCH should be sent as infrequently as possible and with only the minimum information necessary for time-critical procedures. If the final bit count is lower than the remaining 104 bits then it can be reduced accordingly with even lower power allocated to the P-BCH. Alternatively, or in addition, the P-BCH resource allocation of 72 resource elements could be reduced. Note that the P-BCH resource allocation size is static and hence the decision to reduce the size would have to work for all deployment scenarios.  This is likely possible with temporal soft combining (see next section) since only 5 Watts is needed to support 130 bits (including a 24 bit CRC). The current 80 ms repetition applicable in UTRA for the MIB seems to be a good start. A repetition period of 40 ms is also possible. 
Soft Combining

In order to support temporal soft combining, it is proposed that the first 10 ms radio frame of the P-BCH repetition cycle (=80 ms) carry both instances of the BCCH, for e.g. in the 1st and the 6th sub-frames. This should ideally resolve any issues pertaining to the need for identical payloads to enable soft combining. It is also however possible to devise other techniques to permit soft combining even when sending the second instance of the P-BCH in sub-frames other than the 6th sub-frame of the 1st radio frame of the P-BCH repetition cycle.
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P-BCH Content

The St. Louis meeting identified a preliminary candidate list for the P-BCH. This includes the L1 parameters, the SFN, Value Tags and scheduling information of the first Scheduling unit. Currently the PLMN list, cell access restriction information, RACH information, Tracking Area, etc are not mapped to the P-BCH. Instead the P-BCH points to the sub-frame containing this information. Consequently, the UE needs to read the P-BCH first before being able to acquire PLMN information. 
Prior contributions to both RAN WG1 and RAN WG2 have demonstrated capacity quite in excess of the 40 bits value that has driven the current working assumption. Soft combining continues to be a candidate for allowing increased P-BCH capacity. However, the primary limitation comes from the large amount of resources required to send the PLMN list in a shared network case – with each PLMN identity taking up 24 bits. Thus with the RAN WG2 imposed restriction of a maximum of 6 PLMN identities in case of network sharing, the PLMN list itself consumes 144 bits. This then led to P-BCH requirements in excess of 200 bits in case the entire PLMN list along with all the other information is mapped to the P-BCH.

However, it is not prudent to design system broadcast for LTE assuming that network sharing is always operational – this leads to the current status where a UE needs to read multiple system information blocks simply to get the network identity even in the non-network sharing case. It is more beneficial to consider the two cases, system without network sharing and system with network sharing, separately. While doing so it is also important to ensure that the P-BCH content format is kept fixed so that no blind decoding of the format is necessary by the UE.
To support the non-network sharing case, the PLMN identity transmitted in the P-BCH is the identity of the actual core network behind the RAN. In case of a system with network sharing the PLMN identity is a dummy identity that simply indicates to the UE to read the “dynamic BCCH” that is pointed to in the scheduling information carried along with the P-BCH. Sending a dummy identity in the P-BCCH ensures that all networks engaged in network sharing are treated equally by the UE.
Thus with the scheme proposed in this contribution only in the case of network sharing does the UE suffer the penalty of additional delay before it can perform PLMN selection or obtain control channel configuration information to send a random access burst.

There are many cases where the UE may need to obtain the PLMN list and the information needed to send a random access burst:

· Initial network selection on power-on

· Recovery from out-of-coverage

· Background scanning for higher priority PLMN

· Manual PLMN selection

Note that it does not help to simply send only the PLMN list (or the single PLMN identity) since in order to perform registration or location updating information regarding the RACH is required. Thus sending the random access related configuration information along with the PLMN identity (List) is critical in minimizing the delay for subsequent signaling.

It is believed that about 28–30 bits should be sufficient to carry the bandwidth, SFN, scheduling information for the dynamic BCCH and any value tag. This leaves over 70 bits for remaining information such as PLMN identity, RACH configuration, etc. Assuming a PLMN identity size of 24 bits and a tracking area size of 16 bits, there is still plenty of payload left to carry the remaining identified information. (Current Annex C.2.1 of TS 36.300 lists potential sizes of the various information elements for a static part of the BCH.) 

Overhead for proposed P-BCH scheme

With 130x2 bits being sent every 80 ms, the overhead is of the order of 3.25 kb/s with the proposed scheme. With the current working assumptions, 50 bits are being sent potentially every 10 ms for the P-BCH (including CRC) and in addition to sending the PLMN identity and associated information on scheduling unit SU-1, there is an additional overhead cost of at least 1.1 kb/s (includes additional CRC of 24 bits and additional scheduling information). Actual overhead cost will be based on the final bit count for the P-BCH and the first SU-1. Also while the repetition period for the P-BCH with the current working assumption can be increased beyond 10 ms there will be a delay penalty in being able to read the PLMN identity and related access information on the SU-1 since the scheduling information for SU-1 is sent on the P-BCH. For similar delays in receiving PLMN identity and related information, the P-BCH using the current working assumption will need to be sent at least every 40 ms with SU-1 being sent every 80 ms. 
The cost of sending the complete PLMN list of maximum six core network identities, in case of network sharing, with the proposed scheme is no different than the current working assumption. 

3.
Conclusion

With the current split of P-BCH and SU-1, there is substantial overhead that is not warranted given the much higher capacity of the P-BCH with temporal soft combining. This is due to the repeated transmissions of the P-BCH each costing overhead with a 24 bit CRC and scheduling information for SU-1, and in addition SU-1 requires L1/L2 control channels for signaling the allocation. 

It is proposed that the system information broadcast be optimized for the non-network sharing case to ensure that UEs do not get penalized with additional delay for initial access, network selection and associated procedures. This can be achieved while still ensuring that the P-BCH payload size is the same in both cases – network sharing and non-network sharing. It is proposed that P-BCH be designed for a repetition period of 80 ms with the first radio frame of the repetition cycle carrying both instances of the P-BCCH content for temporal soft combining. Other information in the P-BCH could then include the cell access restriction information, RACH configuration information, etc. necessary for initial access procedures.
Annex A: Simulation Results for P-BCH capacity
A.1  C/(I+N) distribution and link performance
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Figure A-1.  CDF of C/(I+N) for a 5MHz system with Case 3 parameters. The 98% coverage C/(I+N) improves from -6.6dB to -5.4 dB by increasing power for center 72 subcarriers from 5W to 12W.

In Figure A-1, the C/(I+N) distribution is plotted assuming 5MHz system bandwidth and according to the LTE Case 3 network parameters. Two cases are shown in Figure 1, indicating either 5W or 12W  power allocation for the center 72 subcarriers that carry P-BCH. It is observed that by increasing the power allocation from 5W to 12W, the C/(I+N) at 98% coverage point improves from around -6.6dB to -5.4 dB. In Figure A-2, the link performances of P-BCH is evaluated for payloads ranging from 40 bits to 200bits.
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Figure A-2.  Link performance for 2Tx 2Rx CDD system.  Center 72 subcarriers for PBCH.
A.2 Coverage of P-BCH 
The PBCH coverage results are shown in Figures A-3 and A-4. Figure A-3 assumes no temporal soft combining and Figure A-4 assumes soft combining of two PBCH transmissions that are 5ms apart.  It is observed that without soft combining, the allowable payload size for PBCH at 98% coverage is around  60 bits for 5W power allocation, and is around 90bits for 12W power allocation. On the other hand, if temporal soft combining is taken into account,   the allowable payload size for PBCH at 98% coverage is 130bits for 5W power allocation, and is around 180bits for 12W power allocation. 
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Figure A-3: Coverage as a function of P-BCH payload size.  P-BCH uses 72 center subcarriers.  Coverage results are shown for both cases when 5W and 12W are used for P-BCH.
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Figure A-4: Coverage as a function of P-BCH payload size.  Soft combining over 2 P-BCH transmissions is assumed.

A.3. 
D-BCH performance

In Figures A-5 and A-6 below, link performance and coverage results are shown for the D-BCH, assuming that the D-BCH occupies all the 300 active sub-carriers and over 10 OFDM symbols.  The full 20W Node-B power is assumed to be available for the D-BCH transmission. It is observed that at 98% coverage, a payload of 430 bits is supported.
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Figure A-5:  Link performance for 2Tx 2Rx CDD system.  All 300 subcarriers for DBCH. 10 OFDM symbols.
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Figure A-6: Coverage of D-BCH in a 5 MHz system. 20 W and 300 subcarriers used for D-BCH.
Table A-1.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	Subcarrier Spacing
	15 kHz

	FFT size
	512

	Sampling rate
	7.68 MHz

	OFDM symbols for P-BCH and D-BCH 
	10 *

	Sub-Frame duration
	1ms (14 OFDM symbols)

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Channel estimator
	Non-Ideal  using RSs  in 2 subframes

	Modulation
	QPSK

	# of TX antennas
	2 

	# of RX antennas
	2

	Convolutional Coder
	R=1/3 mother code, K=9, tailbiting

	Transmit Diversity
	CDD with large delay


* Note that 10 OFDM symbols include reference symbol overhead
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