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1. Introduction
Between RAN1#50bis and RAN1#51, an e-mail discussion on the CCE-to-RE mapping for downlink control signaling took place. The topics discussed included

· Configuration of PHICH resources
· Inclusion of PHICH in CCE-to-RE interleaver or not

· Exact interleaver design to use

Below, a summary of the discussions is provided and a way forward is proposed based on the discussions. 

2. PHICH included in CCE-to-RE interleaver or not?

In order to extract the PDCCH information, the UE need to know the REs used for PHICH, but if the amount of PHICH resources is configurable and informed to the UE via dynamically scheduled system information there is a chicken-and-egg problem – the UE need the PHICH configuration to read the PDCCH and it need to read the PDCCH to get the PHICH configuration. 

Two alternatives for CCE-to-RE mapping were discussed as RAN1#50bis

1. PHICH is mapped to REs outside the CCE-to-RE interleaver. This is in line with the current working assumption but the handling of the chicken-and-egg problem need to be resolved

2. PHICH is included in the CCE-to-RE interleaver. This may result in a cleaner overall structure if the PHICH resources are configurable. To handle different PHICH durations, interleaving is performed per-OFDM symbol.
Several solutions to the CCE-to-RE mapping and the handling of the chicken-and-egg problem were proposed.

A. No configurability of the PHCIH resources; the PHICH resources are given implicitly by the (uplink) system bandwidth. This would remove the chicken-and-egg problem. Interleaving is handled according to alt 1.
B. Unused PHICH resrouces can be used for PDCCH. This can be achieved by dividing the control region into a primary and secondary part. The primary part is used for PDCCH only, while the secondary part is used for PHICH and, if space permits, PDCCH. The primary part and PDCCHs in the secondary parts are separately interleaved. The size of the secondary part is obtained from e.g. the system bandwidth. PDCCHs in the primary part are used when transmitting the PHCIH configuration information. Interleaving is handles according to alt 1.
C. Transmitting the number of PHICH in the system on the PBCH, i.e., no configuration information on the “dynamic BCH” thereby avoiding the chicken-and-egg problem. To reduce latency and UE power consumption, the UE does not need to read the PHICH configuration information when waking up; paging is used for the rare occasions when the PHICH configuration is changed. Example: one bit PHICH duration, 2-3 bits resrouce indication interpreted in relation to the DL bandwidth. Interleaving is handles according to alt 1.
D. Interleaving according to alternative 2. This solves the chicken-and-egg problem but concerns were raised on how to ensure good diversity as this requires some form of dependency between the symbol-wise interleavers.
E. Persistent scheduling of SU-1. This would allow the configuration information to kept on the “dynamic BCH” as no PDCCH is required to receive this information. This is possible if SU-1 is not transmitted together with dynamically scheduled SU-n (FFS in RAN2). Interleaving is handles according to alt 1.
Although there were quire disparate preferences, it seems that solution C has the largest likelihood of being agreeable (assuming the number of bits on the PBCH is kept small and the DRX issue is handles correspondingly). 

Proposal: Agree on solution C above. Keep the number of bits on PBCH small, 2-3 bits.

3. Interleaver design

Which interleaver design to adopt? 

· For alternative 1, several proposals were made (PBRI, QPP, CRRI, Costas, …) 

· For alternative 2, there have not been as many proposals presented as for alternative 2. How to get good frequency diversity across the different OFDM symbols in case of per-OFDM symbol interleaving was one of the questions raised.
Limited discussions on this took place with a few companies stating their views according to the table below. 
	Company
	Preference

	Ericsson
	QPP (if interleaving alt. 1 is used)

	Huawei
	Costas 

	LG Electronics
	CRRI (for both alt. 1 or alt. 2)

	Motorola
	sub-block interleaver

	Nokia, Nokia Siemens Networks
	QPP or sub-block interleaver


4. UL and DL Bandwidth
As part of the discussion, the relation between uplink and downlink system bandwidths in FDD were brought up. Some companies stated that in all practical scenarios, uplink and downlink system bandwidths are always identical, while other companies pointed out that for future spectrum flexibility, the specifications should allow for different uplink and downlink bandwidths. It is worth pointing out that the current 36.211 allows for different system bandwidths in uplink and downlink as part of the bandwidths agnostic design. The bandwidths to support are decided by RAN4.

