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1. Introduction
In RAN4 meeting #43bis the initial simulation assumptions for PDSCH simulations were agreed. In this contribution we discuss the possible demodulation requirements related to other physical channels. Also different precoding options are considered in combination of the physical channels to form a holistic view of the needed requirements. The purpose is to try to identify possible synergies and avoiding overlap in requirements to optimize the required testing effort. There are still open issues related to these physical channels in other working groups which prevent the determination of exact parameters. Furthermore some aspects might have not been thoroughly discussed, thus this should be considered as an initial discussion for the possibilities and possible changes should be reflected. The different physical channels are listed in Table 1 below, in combination of the different precoding options i.e. transmit diversity schemes and dual code word MIMO schemes. PHICH is listed for completeness but not covered in this contribution.
Table 1. Physical channels with different precoding options
	Physical channels
	Different precoding options

	
	Single antenna port
	Two and four antenna ports1

	
	
	Spatial multiplexing2
	Transmit diversity

	PDSCH
	x
	x
	x

	PBCH
	x
	-
	x

	PMCH
	x
	-
	-

	PCFICH
	x
	-
	x

	PDCCH
	x
	-
	x

	PHICH
	x
	-
	x


Note 1: Including CDD
Note 2: Including single and dual code words

2. Requirements for different physical channels 

In this section the possible requirements for different physical channels are discussed. In this section the PDSCH is not covered as it has been discussed in earlier contributions.
2.1 PDCCH and PCFICH
PDCCH and PCFICH can be considered to be closely paired.  PCFICH has only one format and carriers the information indicating the number of ODFM symbols (1,2 or3) that are used for transmission of PDCCHs in a subframe. PDCCH carries the DL-SCH scheduling assignments (analog to HS-SCCH) and signalling of control channel (D-BCH, PCH and RACH response) resource allocations. PDCCH has been considered to have at least three formats and the payload could be bandwidth dependent. Both physical channels use QPSK modulation. PDCCH is encoded using convolutional code and PCFIVH using (32,2) block code.
As PCFICH can be considered as an integral part of the PDCCH demodulation and its errors can be only observed in system indirectly (through PDSCH for example) it cannot be verified in a fully stand alone manner. Of course through proper selection of PDCCH and PDSCH formats and power balancing the contribution of them to the error could be minimized. However as the used coding scheme and rate differ on PCFICH and PDCCH it is unclear whether separate requirements are actually required for PCFICH and whether the power allocation and performance impact of PCFICH can be considered insignificant. Thus the requirements for PCFICH could be considered to be covered jointly with verification of PDCCH performance by selecting a proper power allocation for PCFICH.
As noted earlier PDCCH will have multiple formats depending for example on the  number of control channel elements (CCE’s) concatenated in case of DL and UL resource allocation. Furthermore the payload size of the CCE may depend on the used bandwidth, though it is not yet clear whether these would results different final code rates. Thus it might be mostly interesting to verify the performance of the PDCCH demodulation at two different formats, one having the lowest number of CCE’s and other highest possible number of CCE’s, resulting also a difference in coding rate. Depending on the impact of bandwidth to the payload on PDCCHs and observed data rates, it may be beneficial to consider setting requirements for few selected bandwidth options.

2.2. PBCH

The first of the system information (Master Information Block, MIB) is carried on the primary broadcast channel (PBCH). The second part (Dynamic System Information) is carried over PDSCH. Modulation scheme chosen for PBCH is QPSK and convolutional code is used. In principle demodulation requirements could be set also for PBCH, but as there is no inherent feedback mechanism for it, the verification of the requirement maybe difficult. It should also be carefully considered whether introducing a test specific loopback is necessary. In UTRAN demodulation requirements are set for BCH, but are not verified through testing as such. As the resource elements used by PBCH will be limited to the middle of the band, it may not be necessary to verify it’s performance with multiple bandwidth options.
2.3 PMCH

In principle can be considered to be rather analog to PDSCH e.g. same modulation and coding schemes can be used, apart from the lack of HARQ operation. Thus QPSK, 16QAM and 64QAM are supported modulation schemes and Turbo coding is used. Due to this similarity, the need for additional PMCH specific requirements can be considered to be low. One possibility could be to focus the testing with extended cyclic prefix to PMCH. Similarly as in case of PBCH, there exist no feedback methodology allowing the errors observed in a straightforward manner, thus test specific loopback methods may need to be considered if seen necessary. Due to the large similarities with PDSCH, it maybe sufficient to consider requirements for single bandwidth option.
3. Combination of physical channels and precoding options 
In order to have efficient testing, verifying all of the possible transmit precoding options separately with each of the physical channels does not seem attractive. The requirement approach discussed in scope of PDSCH indicates already that considering various bandwidth options and similarly multiple bandwidth options may need to be tested for other physical channels as well. Therefore focusing verification of certain features/functionalities to certain physical channels may be beneficial. In this section we give some consideration how the different precoding options could be covered.
The precoding for spatial multiplexing in [1] can be split in two parts; delay precoding, hence cyclic delay diversity (CDD) and spatial codebook based precoding. As these can be applied jointly to the precoding of transmitted signal considering to options would seem practical; 1) spatial codebook precoding with zero delay CDD and 2) spatial codebook precoding with large-delay CDD. As these include the option for one or two codewords, looking the performance for both would seem natural. It is not seen necessary to consider requirements including for small delay CDD as it can be considered to be transparent from receiver perspective. Different codebook options are defined for 2 and 4 transmit antenna ports. It would seem most relevant to first set the requirements for 2 antenna ports and in latter phase cover the 4 antenna port option. As these options are currently being supported with PDSCH the requirement would naturally be set over it. 
Additionally precoding for transmit diversity has been defined. As the PDSCH performance in multiple transmit antenna ports can be considered to be covered in combination of spatial multiplexing, using some other physical channel to verify the performance of transmit diversity precoding would seem best to extend the requirement regime. Thus verifying PDCCH (and PCFICH) performance in combination of transit diversity precoding could be considered. Similarly as in case of spatial precoding, two and four transmit antenna port options are defined. In case of transmit diversity precoding it is also proposed to focus on two transmit antenna case in first phase.
Afore mentioned options are summarized in Table 2 below.

Table 2. Requirement combinations for different precoding options and physical channels.
	Physical channels
	Requirement setting for different precoding options

	
	Single antenna port
	Spatial multiplexing with zero delay CDD
	Spatial multiplexing with large-delay CDD
	Transmit diversity

	
	
	Two antenna ports
	Four antenna ports
	Two antenna ports
	Four antenna ports
	Two antenna ports
	Four antenna ports

	PDSCH
	x
	x
	x1
	x
	x1
	-
	-

	PBCH
	x
	-
	-
	-
	-
	-
	-

	PMCH
	x
	-
	-
	-
	-
	-
	-

	PCFICH
	x
	-
	-
	-
	-
	x
	x1

	PDCCH
	x
	-
	-
	-
	-
	x
	x1

	PHICH2
	x
	-
	-
	-
	-
	-
	-


Note 1: Four antenna port cases to be considered once two antenna port cases are covered.

Note 2: Listed just for completeness.
4. Conclusions

In this contribution we have presented some consideration for the combining of requirements for different physical channels and precoding options. The aim has been to find an efficient way to cover the extend of different possibilities while retaining good requirement regime.
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