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1 Introduction

During RAN#62, a WI was approved on BCH enhancements. The WI was based on a previous RAN2 Study Item on the impact of recent new features on BCH capacity. The amount of capacity required on the BCH depends on network configuration and the supported set of features, and under some configurations the BCH loading may be very high or the BCH may be overloaded.
The WI aims to develop a new BCH solution in order that feature growth in future 3GPP releases is secured and BCH capacity will not become a bottleneck in deploying advanced, feature rich networks. Although the WI is primarily a RAN2 issue, it is of relevance in RAN1 to consider the physical channel configuration that may be used to support the BCH solution. The WI goals as agreed at RAN plenary are as follows:

on the one hand, to address the increase of system information without negatively affecting the end-user performance, on the other hand, to offload the current BCH. 

Solutions need to be evaluated. Evaluated solutions should take into account the following design criteria::

- Overhead needs to be reduced/limited. 

- Reutilization of current mechanisms should be considered,

- Physical channels which can be considered are P-CCPCH, S-CCPCH or HS-PDSCH

- Solutions should co-exist with current BCH i.e. current BCH should still be used by legacy UEs and carry Release 12 and onwards signalling.

Other secondary aspects may be taken into account if the benefits outweigh the complexity e.g. power consumption reduction.

This paper reviews the existing BCH solution, discusses the principles that should be applied in developing an enhanced BCH solution and discusses some potential channels that could be used for the enhanced BCH.

2 The existing BCH solution
The BCCH logical channel is mapped to the BCH transport channel, which is mapped to the P-CCPCH physical channel. The P-CCPCH physical channel has a fixed transport format and a TTI length of 20msec, and is able to transfer 246 bits/TTI using rate ½ convolutional encoding and a 16 bit CRC. It can be noted that this setup results in a perfect fit of the data bits after channel coding to the physical channel without any rate matching, so it seems reasonable to assume that this was the way the original transport block size was determined back in Rel-99. The P-CCPCH is time multiplexed with the synchronization channel, as shown in figure 1. 
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Figure 1
P-CCPCH format
The reason for time multiplexing the P-CCPCH and SCH is that the SCH is transmitted infrequently, and it is preferable to avoid the power fluctuations that would occur if both the broadcast P-CCPCH and the SCH, both of which should have cell wide coverage would be transmitted in parallel. Broadcast information is encoded into a so-called Master Information Block (MIB), scheduling blocks and a number of so-called system information blocks (SIBs). The MIB contains information about the subsequent scheduling blocks and/or SIBs. The SIBs themselves contain system information. Each SIB contains related system information.
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Figure 2
Simplified example of BCH scheduling involving MIB and 2 SIBs
SIBs are repeated periodically. The repetition period of SIBs may differ from one another. In particular, some SIBs (such as SIB7) need to be repeated frequently in order to enable efficient mobility operation, whereas other SIBs can be repeated over a longer period of time (e.g. 1280msec). Increasing the repetition period of a SIB decreases the consumption of available bits on the BCH by that SIB, but increases the amount of time required by the UE to acquire the information.

Some SIBs may contain more than 246 bits. If this is the case, then the SIBs need to be segmented into BCH segments and transmitted in several TTIs. Other SIBs may contain much less than 246 bits. Each TTI may contain SIB segments or concatenations of SIBs and SIB segments.
Each TTI also carries the System Frame Number (SFN), and hence P-CCPCH must be transmitted continuously.
The amount of information that can be carried on the BCH is determined by the P-CCPCH capacity (which is fixed) and by the SIB repetition periods (which is limited by mobility considerations and practical latency when a UE must acquire all system information due to e.g. CS fallback, reselection or redirection). As HSPA has become increasingly feature rich, the need for transferring information on the BCH has increased. The exact amount of information that must be transmitted on the BCH depends on which features are implemented in a network and the network configuration. RAN2 analysis during the recent SI on broadcast channel capacity indicated that in some circumstances, the BCH may become heavily loaded or even overloaded [2].

3 Principles for developing an enhanced BCH
The purpose of the current WI is to develop a solution to enhance the capacity of the BCH in order to prevent BCH capacity becoming a limiting factor in deploying new HSPA features. The solution will mainly be developed within RAN2, but RAN1 must consider the impact of the solution on the physical layer, and in particular the most appropriate solution for a physical layer channel.
In this section, some general considerations on principles for the BCH solution will be considered.

Principle 1: The solution should support legacy UEs

This principle is fairly self evident; legacy UEs should still be supportable when the new solution is deployed. This implies that the existing P-CCPCH and BCH structure must be maintained. If the legacy BCH becomes full, then further SI will be carried by the new BCH capacity solution. Legacy UEs will then be able to operate with features whose SIBs are carried on the legacy BCH, but not with any features whose SIBs are carried only on the new solution. It is also possible that the new solution may carry supplemental information on some features that would then not be available to legacy UEs. In general, SIBs carried on the new solution are likely to be SIBs relating to features that legacy UEs are unlikely to support, although this is not essential. 
Principle 2: UEs supporting the new BCH solution should also receive the legacy BCH

According to principle 1, the legacy BCH will be broadcast for legacy support. It would be undesirable to copy the same information onto the new BCH solution that is already carried on the legacy BCH. Thus, UEs supporting the new BCH should be able to receive both the legacy BCH and additional information carried using the new solution.
Principle 3: No new PHY channel should be designed and the RAN1 specification impact should be kept minimal

It is expected that the amount of data mapped to the new BCH will be less than the amount of data on the legacy BCH, and initially it will be significantly lower. Principle 4 below implies that the overhead for the BCH2 will scale with the data rate. Thus, the Ec/Ior for the new solution will be low, and the gain from attempting to optimize the physical layer for the small amount of additional information at low Ec/Ior will not justify the specification and implementation effort. The new solution should re-use existing functionality and channels as far as possible.
Principle 4: The new BCH solution may not need to transmit continuously

Since the new solution is likely to carry, at least initially, a relatively small amount of information, there is no need to transmit continuously. SFN will continue to be broadcast on the existing BCH, so there is no reason to continuously send this info on the new BCH. Hence, transmit time and power should scale with amount of information on the new additional BCH solution.
Principle 5: System information acquisition time when receiving both the legacy BCH and the new solution shall not be substantially impacted
This principle implies that the UE should be able to read SIBs from legacy BCH and new BCH in parallel.
Principle 6: Impacts to UE battery life should be minimized

UE battery impacts should be minimized; the ideal would be that acquiring system information with the new solution adds no additional overhead on top of acquiring P-CCPCH based SIBs.

Principle 7: The solution should be future proofed and scalable, in so far as this principle does not compromise the others

Scalability is useful in that it can future proof the solution. However any scalability should be in keeping with the principles of minimizing complexity, RAN impact, UE battery life etc.

4 Potential channels for the enhanced BCH
RAN1 should consider and inform RAN2 of potential solutions for the enhanced BCH. In order to keep backward compatibility with legacy terminals whilst still increasing BCH capacity, it is necessary to map the additional BCH information to a different physical channel to the existing P-CCPCH.
Proposal 1: The enhanced BCH solution uses a different physical channel to the existing P-CCPCH

Whether the information should be mapped to an additional transport channel that is then mapped to a separate physical channel, or whether the BCH transport channel is mapped to both physical channels depending on SIB type is a RAN2 decision. For the purposes of discussion in this document though, we refer to the new channel as BCH2.

In order to minimize impact to the L1 specifications of BCH2, there are basically 3 options for BCH2; an additional P-CCPCH, an additional S-CCPCH or HS-PDSCH.

Solution 1: Additional P-CCPCH for BCH2

With this solution, an additional P-CCPCH is used for BCH2. P-CCPCH differs from S-CCPCH in two main ways:

· P-CCPCH incorporates space for the time multiplexing of SCH

· P-CCPCH code and spreading factor are fixed.

Since SCH is already time multiplexed with the existing P-CCPCH, there does not seem to be any motivation to incorporate a gap for SCH in the physical channel used for BCH2. Further, the 1/10 gap in the P-CCPCH steals capacity of the channel, thereby limiting the maximum bitrate achievable for a given repetition period. If the gap was to be removed from the P-CCPCH, this new P-CCPCH would effectively be an S-CCPCH with a fixed code and spreading factor. 
It shall further be noted that the specifications in various RAN-groups currently assume that there is one and only one P-CCPCH. Changing this to enable multiple simultaneous P-CCPCHs, where on can be considered to be the “primary primary CCPCH” and another that is the “secondary primary CCPCH” seems to complicate the specifications significantly.

Solution 2: S-CCPCH for BCH2

With this solution BCH2 is mapped to an additional S-CCPCH configured in parallel to existing S-CCPCHs. Already today, there is quite high load on the FACH and PCH S-CCPCH(s), so multiplexing additional BCH data on those existing S-CCPCHs seems to be a less preferred alternative. The TTI, code and SF for the S-CCPCH could be fixed or could be configurable; if they would be configurable then the existing BCH would need to carry information on the configuration. Since there is no need to SFN to be transmitted every 20msec it may be desirable to use a longer TTI than 20msec (e.g. 40msec) on the S-CCPCH to get additional time diversity gain. On the other hand, keeping a 20msec TTI allows for complete alignment with the existing P-CCPCH.
The transport block size could be fixed, or be flexible and be indicated using TFCI or rely on blind transport format detection without any TFCI. Since the ability to DTX the S-CCPCH would exist by default, the data rate available on the S-CCPCH could already be fairly flexible and there may not be a need for an ability to vary the transport block size, with the implied overhead of TFCI signaling (2 out of 20 bits with current SF256 S-CCPCH). It can be noted that the S-CCPCH slot formats defined already today supports both operation with and without TFCI. Slot format 0 defines e.g. a SF256 format with only data bits and no control (pilot, TFCI) overhead bits.
For a 20msec TTI, a natural transport block size for S-CCPCH would be 276 bits; this allows for application of CRC-16 and ½ CC coding with no puncturing or repetition, which is the same as the coding rate on P-CCPCH. Similarly, a 40msec TTI could fit two 276 bit transport blocks. These two transport blocks would be transformed into two independent coding blocks. Hence, blind detection of these blocks would be possible, the UE would only need to decode each of the two coding blocks and check the CRCs. Utilizing the information from higher lays on the SIB scheduling the UE would know if one or two transport blocks were expected to be decoded in this particular TTI.
The code for S-CCPCH would be either RNC controlled or fixed in the specifications. It should be noted, however that as discussed in section 3, transmission of infrequently repeated SIBs may allow for periods in which the second S-CCPCH is not used and the (very small amount of) power could be re-used for HS-PDSCH. It is unlikely that the S-CCPCH code would need to take from the HS-PDSCH code space, but if it did, the same could in principle be re-used whenever the BCH2 would not be being transmitted.
A UE would be aware of when to expect BCH2 transmissions on an S-CCPCH from SIB scheduling information.

Since the BCH2 would be broadcast in the entire cell there is no need for pilot bits on the S-CCPCH, and hence a pilot-free slot format should be used.

Solution 3: HS-PDSCH for BCH2

With this solution, HS-PDSCH is used for BCH2. Scheduling could be performed using HS-SCCH with a BCH2 related H-RNTI, or SIB scheduling. Utilizing HS-SCCH might present a significant control overhead, while a HS-SCCH-free scheduling would mean additional specification effort Furthermore, due to the broadcast nature of the information, CQI and ACK/NACK would not be available. It might, however be useful for the Node B to blindly schedule retransmissions for soft combining in the UE in order to increase time diversity, which otherwise would be low in 2msec. 


5 Discussion

In our view the S-CCPCH alternative is the simplest solution for the BCH2. The expected specification changes in RAN1 will be very minor, with the main point being if there will be a new name of the transport channel that is mapped to the S-CCPCH. As described above, the S-CCPCH can already in existing specifications be configured with characteristics suitable for broadcast distribution.
The solution with a second P-CCPCH seems rather messy from a specification point of view, primarily because all specifications currently assume that there is one and only one P-CCPCH (while there are several S-CCPCHs). Also, for comparable configurations of P-CCPCH and S-CCPCH the 1/10 gap in the P-CCPCH slot format will lead to a smaller transport block size supported. This smaller transport block might be the difference that leads to an N+1 TTI reading time of a SIB, where N TTIs would be enough if S-CCPCH was used. Hence, there may be some reduced power saving possibilities with the P-CCPCH alternative.

The HS-PDSCH solution would be significantly more complicated from specification point of view. It can also be noted that a lot of the features of HS-PDSCH are not really useful for broadcast distribution of low rate information: there is no possibility for link adaptation based on CQI, no possibility for hybrid ARQ, probably no benefit of being able to support higher order modulation, short TTIs are inferior to longer ones when it comes to interleaving gain etc. The HS-PDSCH solution would obviously take something from the HS-PDSCH code space, whereas the S-CCPCH solution is unlikely to.
Hence, the only reason for defining another solution than S-CCPCH would be if the S-CCPCH solution would be costly from capacity (transmit power) point of view, while HS-PDSCH would be significantly better.
The transmit power cost of the S-CCPCH solution can be easily quantified. The current BCH mapped to P-CCPCH uses less than 4.5% of the cell power in typical network deployments. Since the current BCH is active 100% of the time, that could be seen as an upper bound of the cost for an S-CCPCH solution with similar bitrate and same interleaving (20 ms). However, it is expected that the BCH2 channel will have a significantly lower bitrate requirement, where only the information that does not fit on the legacy BCH would spill over onto this new channel. Hence, a large part of the time the S-CCPCH will be DTXed and will not consume any transmit power, and the average transmit power consumption will therefore be much lower than 4.5%. 
In the light of this, even if the HS-PDSCH would be able to provide a lower transmit power cost (which is not at all certain, given that a lot of the HS techniques are not applicable in broadcast distribution scenarios), that benefit would not motivate the additional specification effort.
Hence, we propose that S-CCPCH is agreed as the recommended physical channel for BCH2 transmission.
Having decided on S-CCPCH, the TTI to be used seems to be the primary remaining question. There is an interleaving gain by using 40 ms TTI over 20 ms TTI of approximately 1-1.5 dB (see simulation results in appendix A) during times when the S-CCPCH is transmitted. Assuming e.g. that a 20 ms TTI S-CCPCH would be active 20% of the time using 0.2*5% = 1% in average of the total cell power, an interleaving benefit of 1.5 dB would reduce the power consumption to 0.2*10^(-1.5/10)*5% = 0.7%, which does not seem like a great benefit. There may be other considerations that speak in favor of staying with the 20 ms TTI currently used for BCH mapped to P-CCPCH. The current limitation for UEs is to monitor two S-CCPCHs in idle mode (one for PCH and one for CTCH). If that limit is to be kept, then there may be a benefit to not have too long TTI on the S-CCPCH for BCH2, since that could potentially generate more overlaps where the UE needs to prioritize which two of the three available S-CCPCHs it should monitor. Also, the scheduling mechanism and related IEs specified by RAN2 is built on a 20 ms granularity for BCH. Moreover, the overall similarity with the existing P-CCPCH solution is maximized by selecting the same 20 ms TTI. In our view the benefits of a 20 ms TTI outweigh the interleaving benefit of a 40 ms TTI, and hence a 20 ms TTI is our preferred solution.
Given that the PCH/FACH load is already high in some networks, defining an additional S-CCPCH rather than multiplexing the BCH2 information onto an existing S-CCPCH seems reasonable. This also avoids complicated MAC scheduling between the BCH2 and FACH/PCH. A SF of 256 is more than capable of carrying the BCH2 information, and causes negligible loss of channelization code capacity. It may be more problematic to decide on a hard coded channelization code number, given that different vendors may use different codes for the different common channels today. Hence, what is a free code currently with vendor X in typical deployments may be an occupied code with vendor Y. Given the expected difficulties to agree in this discussion we propose to ask RAN2 if having a flexible channelization code allocation would be acceptable from a signaling overhead point of view. It is not expected that full flexibility over all the 256 codes is needed however, signaling a code number in the range of 2-31 (5 bits) would be sufficient since collecting all common channels in the same end of the code tree as the hard coded P-CPICH and P-CCPCH codes makes sense.
With a 20 ms TTI assumption in place, the next step is to select a suitable transport block size. Using the same reasoning as for P-CCPCH, a 276 bit transport block with CRC-16 and convolutional code rate ½ seems reasonable. This gives a transport block size in the same region as used today on BCH. It should be noted that having significantly shorter transport block does reduce the risk for excessive padding, but the overall system information message detection probability 

P_correct_detection ~= (1 – BLER)^(number of blocks)

decreases for similar block error rates, since the probability for a correctly received system information message decreases as the number of transport blocks used by the message goes up.
With a single non-zero TFC there is no need for a TFCI, and existing S-CCPCH slot format 0 can be used.

To reduce the need for signaling of detailed S-CCPCH configuration on the P-CCPCH, it is valuable to hard code as many parameters as possible. It makes sense e.g. to say that an S-CCPCH carrying BCH2 should use the same TX diversity mode as the P-CCPCH. Further, it also makes sense to align the timing of the two broadcast channels, so that the radio frame timing of the S-CCPCH carrying BCH2 is aligned with the radio frame timing of the P-CCPCH.

6 Conclusion

This paper has considered alternatives for carrying additional broadcast information to extend the additional BCH capacity. The main two alternatives are S-CCPCH or HS-PDSCH; defining an additional P-CCPCH becomes a special case of S-CCPCH in which TTI, transport block size, spreading factor and spreading code are fixed if the SCH slot is removed.
S-CCPCH with a TTI of 20msec or greater seems to offer workable performance in all cases and seems conceptually more straightforward than HS-PDSCH.

We propose that RAN1 indicate to RAN2 a preferred channel for carrying a secondary BCH. Our preference would be to communicate the following information to RAN2:

· The preferred physical channel for carrying BCH2 would be S-CCPCH
· An additional S-CCPCH not used to carry PCH or FACH would be used, instead of relying on multiplexing the BCH2 data with existing FACH/PCH data
· A preferred mapping of the BCH2 transport channel to S-CCPCH would be to use
· TTI length of 20msec
· Zero or one transport block size of 276 bits transmitted in each TTI (i.e two transport formats TF0 = 0x276, TF1 = 1x276)
· A 16 bit CRC appended to each transport block
· A convolutional code of rate ½
· A SF256 channelization code, using S-CCPCH slot format 0 (no pilot bits or TFCI bits)

· RAN1 would prefer to have the exact channelization code used for carrying BCH2 information configurable, at least in the range of channelization code numbers 2-31. If this is not acceptable from an overhead point of view, further discussions are needed to determine which channelization code to hardcode for this purpose.

· In TTIs with no system information on BCH2, zero information and control bits will be transmitted on the S-CCPCH, i.e. full DTX and no power used. This means that the average power used by the BCH2 channel will be proportional to the amount of information transmitted on BCH2.
· The S-CCPCH carrying BCH2 should use the same TX diversity mode as P-CCPCH. Hence no additional signaling is needed for this aspect, S-CCPCH will just follow the P-CCPCH.

· The S-CCPCH carrying BCH2 should have aligned radio frame timing with the P-CCPCH. This means that no signaling of a timing offset is needed (contrary to the S-CCPCH used for FACH/PCH).

· RAN2 should decide if the BCH2 transport channel should be a new transport channel type, or if existing BCH/FACH/PCH transport channels can be reused. From RAN1 perspective the name of the transport channel does not matter much.
· Regarding the scheduling of information on S-CCPCH, RAN2 should focus on minimizing additional UE battery life impact
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Annex A

Link level simulations have been performed to get a feeling for the interleaving gain with 40 ms TTI over 20 ms TTI on S-CCPCH. 

The S-CCPCH is mapped to a SF 256 code with no TFCI or pilot bits. Transport block sizes of 200 bits in a 20msec TTI and 2*200 bits in a 40msec TTI were simulated.
PA3 and PA30 channel profiles were studied for both 1-RX and 2-RX UE RAKE receivers. For 1-RX receiver the Ior/Ioc is fixed at -0 dB, for 2-RX it is fixed at -3 dB. 
The link level simulation curves indicate the transport block error rate on the y axis and the Ec/Ior required for carrying the transport block on the x axis. 
As can be seen in Figures 3-6 below, the interleaving gain with 40 ms TTI over 20 ms TTI appears to be in the 1-2 dB range.
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Figure 3
1-RX RAKE performance, PA3 channel
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Figure 4
1-RX RAKE performance, PA30 channel
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Figure 5
2-RX RAKE performance, PA3 channel
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Figure 6
2-RX RAKE performance, PA30 channel

Annex B

In this annex, we summarize the required specification changes in RAN1 if BCH2 is mapped to a new S-CCPCH channel using existing slot formats. We assume in the following that the existing BCH transport channel will be used also for the BCH2. If some other transport channel was to be used instead, there might be some additional changes, but on the whole the specification impact would remain very small. The expected RAN1 specification changes are shown in table 1.
	Section
	Change needed

	TS 25.211:
	

	4.1.2.1
BCH – Broadcast Channel
	Clarify that BCH has a single non-zero transport format

	5.3.1
Downlink transmit diversity
	Add that S-CCPCH carrying BCH has the same diversity mode as P-CCPCH

	5.3.3.4
Secondary Common Control Physical Channel (S-CCPCH)
	Add that S-CCPCH can carry BCH, and that S-CCPCH carrying BCH always uses slot format 0.

	6.1
Mapping of transport channels onto physical channels
	Clarify that a BCH can be mapped to either Primary CCPCH or Secondary CCPCH, while FACH/PCH is always mapped to Secondary CCPCH.

	7.1
General
	Add that S-CCPCH carrying BCH has identical frame timing to P-CCPCH

	TS 25.212:
	

	4.2.13.6
Broadcast channel (BCH)
	Clarify that only one primary or secondary CCPCH is used per CCTrCH, i.e. P=1

	TS 25.213:
	

	5.2.2
Scrambling code
	Add that S-CCPCH carrying BCH shall always be transmitted using the primary scrambling code 


Table 1
Required RAN1 specification changes
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