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1 Introduction

In the previous RAN1#66 meeting, the following working assumptions were made regarding the PCI symbols allocation in F-PCICH for CLTD operation:

· Slots used for PCI:

· Configure 2 BPSK symbols by higher layers:

· If both symbols are in the same slot then they are adjacent

· FFS until RAN1#66bis whether the 2 symbols can also be in different slots with the same position in the 2 slots 

This contribution discusses this issue.
2 Discussions
There are 4 codewords in the codebook used for CLTD which requires 2 PCI information bits.  Similar to the TPC bits in F-DPCH, each F-PCICH symbol is used to carry 1 bit information.  Therefore 2 PCI symbols are required to indicate one of the 4 codewords in the codebook.  These 2 PCI symbols destined for a specific UE can be allocated in two consecutive F-PCICH symbols within the slot as shown in Figure 1.  Since the PCI weight is updated at every sub-frame (i.e. 3 slots) the same two symbols locations of each slot can be used for different UEs as shown in Figure 1.  This enables an F-PCICH code to support 15 UEs.  Sending the PCI within one slot also reduces the feedback delay.
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Figure 1: Allocation 2 adjacent PCI symbols in adjacent offsets within a slot
It is possible to share a single code for F-DPCH and F-PCICH where PCI and TPC commands use the same code but with different symbol positions.  Since TPC is updated every slot, offsets used by PCI in a slot cannot be used for TPC in other slots.  An example of this is shown in Figure 2 where the third & fourth offset within a slot is used for PCI in slot 1 resulting in the same offsets in slot 2 and slot 3 not being able to be used for TPC.  In this example, if there is only 1 UE using CLTD, 4 offsets are wasted.
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Figure 2: F-DPCH and F-PCICH share a same code

It is proposed in [1] that the PCI symbols can be allocated over two consecutive slots.  An example of this is shown in Figure 3 where the 3rd symbol in slot 1 and 2 are used for PCI symbols for a UE.  By allowing the flexibility to allocate PCI symbols for the same UE over two consecutive slots, less offsets are wasted.  Comparing the example in Figure 2 with that in Figure 3, allowing UE1’s PCI symbols to be allocated over 2 slots, only 1 offset in slot 3 cannot be used for TPC instead of 4 offsets in Figure 2.  
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Figure 3: PCI symbol allocated over two consecutive slots

The flexibility to allocate PCI symbols over two consecutive slots is useful if the resources within a code are highly utilised.  In the example in Figure 2, if the number of UEs using the code (F-DPCH + F-PCICH) is not high, then the offsets (in 3rd and 4th offset of slot 2 and 3) does not cause any limitation and they can be reused for other CLTD UE.  For the case where the resource is limited as in Figure 4, if a UE is configured with CLTD, if PCI symbols for a UE can be allocated over two consecutive slots, then there is no need to use another code to support this UE.  For the case where PCI symbols are allocated within a slot, a new code is required.  However, the unused resource in Figure 4 can still be used for TPC (e.g. for a UE without CLTD).  
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Figure 4: PCI and TPC symbol allocation when resource is limited

The flexibility to allocate PCI symbols over two consecutive slots is also useful in the case where there are not many consecutive offsets within a slot.  This may be due to TPC commands being allocated in every other offset.  An example of this is in Figure 5, where there is no resource limitation but due to the arrangement, there are no 2 consecutive offsets in any slot.  This may be caused by UE leaving CELL_DCH thereby leaving an unused resource.  For scenarios like this, the flexibility of allocating 2 PCI symbols over two consecutive slots will allow 3 additional CLTD UEs to use this code, otherwise, a new code is required to support additional CLTD UEs.  It is of course possible to rearrange the resource allocation to give 2 consecutive offsets to support additional CLTD UE but this is at the expense of possible delay and additional RRC signalling to reconfigure an existing UE to use a different offset in the slot.
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Figure 5: PCI and TPC symbol allocation without 2 consecutive offsets in a slot

In conclusion, the flexibility offered by allocating PCI symbols over two slots allows saving of code resource in some cases, such as those identified in Figure 4 and Figure 5. However, these cases are not likely to be the most common situation, and the situation where the allocation of an additional code could be avoided by the possibility to allocate PCI in two consecutive slots is expected to be rare. If essential, the allocation of an additional code in such a case can be avoided by an RRC reconfiguration of one UE’s F-DPCH slot format. The possibility to allocate PCI in two consecutive slots also creates an extra case for testing, as well as increasing the number of bits required for RRC configuration of the F-PCICH. Hence:  
Proposal 1: Use only a single PCI symbol allocation method, where the PCI symbols are allocated in consecutive offsets within a slot.
On the other hand, if there is a strong desire to allow the flexibility of being able to allocate PCI in two consecutive slots, we could also accept it.  
3 Conclusion
In this contribution, we discuss the proposed PCI symbol allocation within a code.  It is proposed that:
Proposal 1: Use only a single PCI symbol allocation method, where the PCI symbols are allocated in consecutive offsets within a slot.
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