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1. Introduction
Between RAN1#51bis and RAN1#52, an e-mail discussion on downlink control signaling took place. The topics discussed are summarized below. 

2. PDCCH CRC size
From kick-off e-mail: 

Each PDCCH uses a CRC to detect transmission errors and to signal the identity of the UE addressed. After PDCCH decoding, the UE checks the CRC to see if the UE in question is scheduled and if PDCCH has been received correctly. Naturally, there is a certain probability that the CRC will check, even if the UE is not scheduled. This will result in an error event.

For downlink scheduling assignments, the UE will try to decode the PDSCH according to the PDCCH information. The resulting ACK/NAK may interfere with control signaling from other UEs, at least if it is transmitted on PUCCH as the PUCCH resources are determined by the (incorrectly detected) CCEs upon which the PDCCH was decoded.

For uplink scheduling assignments, the UE may, at least if it was waiting for a scheduling grant, transmit on PUSCH using resources intended for other users and thereby cause uplink interference. Depending on the ACK/NAK received in the downlink, this may be repeated one HARQ RTT later.

Currently, the CRC size on PDCCH is 16 bits. However, concerns have been raised by some companies that the frequency of the error events may motivate a 20-bit CRC, at least for some configurations, despite the increase in overhead.

To ensure that LTE works properly and, if it turns out to be necessary, adjust the CRC size, analysis of the performance is invited, either verifying that the current 16-bit CRC is sufficient or to show that there is a problem which we need to address. Some background can be found in e.g. R1-080044, R1-080062, R1-080477.

What are the results from different companies? Is the current 16-bit CRC sufficient? 

Fairly long discussions took place on this issue. All companies expressing a view agreed to include at least the currently agreed 16-bit CRC; the question discussed was whether this needs to be complemented by an additional 20-bit CRC in some cases. It seems agreeable that the most troublesome case is PUSCH collisions due to incorrectly accepted uplink grants (“false alarm”) and that the probability of this to happen depends on the number of users actively looking for uplink grants and the number of blind decoding attempts in each UE.

Fairly long and detailed discussions on the assumptions to use: number of blind decoding attempts in a UE, number of active users in a cell, acceptable false alarm rate, etc. 

Proposed way forward: At this stage there seems to be no agreement on the need for an additional 20-bit CRC (used for higher bandwidths).

3. PDCCH timing
From kick-off e-mail:

The timing of the uplink scheduling grants and the uplink transmissions need to be settled. For PHICH and FDD, the time is specified from the number of HARQ processes, which is agreed to be 8.

For the uplink, LTE supports both adaptive and non-adaptive synchronous hybrid-ARQ, i.e., receiving ACK/NAK implies transmission on the same resources as for the initial transmission while when receiving PDCCH different resources can be assigned. This seems to imply that the timing from reception of PDCCH to transmission on PUSCH should be the same as between PHICH and PUSCH.

· Can we agree on the same timing for PHICH-to-PUSCH and PDCCH-to-PUSCH for FDD? 

· Capture this in 36.213 as reception of PHICH or PDCCH in subframe n affects the PUSCH transmission in subframe n+4 for FDD?

The proposal was agreed. No objections raised. One comment pointed out that proposals on behavior in DRX have not yet been discussed and that DRX operation still is open.
Proposed way forward: A sentence (similar to) “For FDD, the UE shall upon detection of a PDCCH with DCI format 0 and/or PHICH transmission in subframe n intended for the UE, transmit on the PUSCH in subframe n+4 based on the PDCCH and PHICH information.” should be included in 36.213  

4. PDCCH aggregation and blind decoding
From kick-off e-mail:

The PDCCH supports a number of different payload sizes (currently 3, DCI formats 0, 1, 2 as specified in 36.212). Furthermore, each PDCCH is constructed from 1, 2, 4 or 8 CCEs (36.211). As part of the PDCCH processing, the UE is required to perform a number of blind decoding attempts over the set of candidate control channels to find the format (payload size, CCE aggregation leaves) of the PDCCH(s) upon which it is to receive control signaling (if addressed). At RAN1#51bis, it was agreed that the number of blind decodes should be limited to approximately 40. There were also some initial discussions on methods to achieve this (Tdocs 28, 79, 302, 405, 475) but in order to progress this part of the design it is beneficial to continue the discussion over e-mail.

Trying to identify the principles proposed to limit the PDCCH decoding load, there are a couple of principles proposed in the above Tdocs:

1. Tree-based aggregation (1-CCE aggregation can start on any CCE position (i=0,1,2,3,4,...) , 2-CCE can start only on even numbered locations (i=0,2,4,6,...), 4-CCE on every fourth (i=0, 4, 8, ...) and 8-CCE on every eight position (i=0, 8, ...)

2. Not all possible combinations for aggregation levels may be needed, i.e., the starting positions for 2,4 and 8 CCE aggregation can be further restricted (see illustration below)

3. Separate UL and DL allocations, DL assignments tart from low CCE numbers and UL from high CCE numbers (need to consider the case that compact DL assignments have the same payload size as UL grants) 

4. Some combinations of payload sizes and CCE aggregation levels does not make sense, e.g., the largest payload on a 1 CCE may result in an too high coder rate

5. No need for 8 CCE aggregation, power boosting of a 4-CCE be used instead. 

6. Divide the candidates into different sets. To limit the restrictions placed on the scheduler, the division can either be

a. fixed and the eNodeB can switch between the sets using a command on the PDCCH or

b. given by a randomization function taking e.g. UE ID and subframe number as input

There are probably additional ideas as well, but maybe the above can serve as a starting point. At least 1) above does not seem to be controversial. Can we agree on this one? On the others, some more discussion may be needed.

Discussions on the proposals above, extracted from old Tdocs, were discussed together with some new ideas. The following views seem to be common (or at least agreeable):
· Tree-based aggregation as described in 1 above

· The number of blind decodings is mainly driven by the 1-CCE aggregation, hence the gain by restricting the starting positions for 8-CCE aggregation (and other higher aggregation levels) is not significant, but such limitations might be acceptable.

· Important to at least have the possibility for overlapping UL and DL search regions. No strong support for separating UL and DL allocation, e.g., by starting from different ends of the logical numbers.

· Most companies seem to prefer the CCE size to be selected such that one PDCCH fits into 1 CCE with reasonable code rate. Different views whether this implies bandwidth-dependent CCE size or not.

· Most companies prefer to keep the 8-CCE aggregation, at least at this stage of the design.

· Both RRC/MAC signaling and some form of hashing can be used to define the candidate set the UE shall monitor. Need to solve the “chicken-and-egg” problem if RRC/MAC signaling is used (solutions exist). Some form of non-configurable hashing seem to have somewhat larger support.
· As the MIMO mode is configured on a semi-static basis, the UE only need to monitor the PDCCH formats possible in the configured MIMO mode ( reduced number of blind decoding attempts.

· One company proposed to use RRC signaling for slow link adaptation such that the UE in most cases only need to monitor one aggregation level.

Proposed way forward: 
· Agree on tree-based aggregation with 1, 2, 4, 8 CCE (1-CCE aggregation can start on any CCE position (i=0,1,2,3,4,...) , 2-CCE can start only on even numbered locations (i=0,2,4,6,...), 4-CCE on every fourth (i=0, 4, 8, ...) and 8-CCE on every eight position (i=0, 8, ...) 
· Do not split UL and DL control channel candidates (into non-overlapping sets)
· Investigate possible “hashing functions” to determine which control channel candidates a UE shall monitor

5. Resource allocation header for allocation type 1
From kick-off e-mail:

One of the small open issues we have to resolve is the header design for resource allocation type 1 (see 36.213 v8.1.0 for details). So far we know that type 0 and type 1 will be of equal size on the PDCCH and that there will be a bit to indicate whether the allocation is of type 0 or 1 but not how to signal the subset index in type 1.  The outcome of the offline discussions at RAN1#51 (R1-075067) resulted in two header designs without making a choice between the two:

Design A: 

· Separate subset signaling, ceil(log2(#subsets)) bits representing the subset index. Only transmitted with allocation type 1.

· Minimizes the overhead, in total ceil(N_RB/P)+1 bits (bitmap + type 0/1 header) where P is 2,3,4 depending on system BW

· One or two RBs at the end of the system BW may not be possible to signal with allocation type 1 (but type 0 or 2 can be used)

· In line with the conclusion in Athens (R1-073835), Allocation type 0 sets the limit on control signaling overhead, Allocation type 1 should result in as much flexibility as possible within this limit

Design B: 

· Joint header, ceil(log2(#subsets + 1)) bits with one bit combination indicating allocation type 0 and the other combinations used to represent the subset index.

· Can address all RBs using allocation type 1 

· One extra bit of overhead introduced also for allocation type 0 (although not needed for type 0) 

· Slightly outside the Athens agreement 

Two contributions to RAN1#51bis (R1-080280, R1-080471) discussed these two approaches in more detail. 

Which design should we adopt? Design A has a lower overhead and the limitations compared to design B seem to be minor. Can we adopt design A as the working assumption?

One company explicitly preferred design B and two companies preferred design A. The need for allocating one PRB at each end of the band for e.g. VoIP was discussed and alternative methods, e.g. persistent scheduling, for addressing the PRB not possible to address with type 1 in design A in some cases was suggested.
Proposed way forward: Adopt design A.
6. Signaling of RV and NDI

From kick-off e-mail:

RAN1 has received an LS from RAN2 (R1-080008) on the need for a method of indicating whether new data or a retransmission is sent. This can be done either by using the redundancy version (RV) signaling or an explicit new-data indicator (NDI). The topic was briefly discussed during RAN1#51bis but no conclusions were drawn. The possibility of using a few reserved values in the MCS/TB size signaling to indicate the redundancy version was also brought up, based on the observation that for a retransmission the TB size will not change and the may be limited need for indicating a different code rate (or MCS) for retransmissions; allowing changes the number of RBs uses may be sufficient. In order to complete the PDCCH design and to respond to the LS from RAN2, we should progress this issue.

There seems to be four main proposals under consideration for (mainly alternative 2-4 have been proposed; see Tdocs 25, 128, 129, 436, 439, 440 and 591 for a discussion). The discussion has mainly focused on FDD; TDD is to a large extent similar although asymmetries in the allocation of subframes between uplink and downlink may require additional signaling. As the FDD case is a bit simpler, I suggest we start with this.

Downlink: 

1. Separate signaling of 1 bit NDI and 2 bits RV (same as HSPA) 

· 3 bit overhead in total 

2. No explicit NDI, 2 bit RV with RV=0 indicating "new transmission" and RV>0 retransmission 

· 2 bit overhead 

3. Separate signaling of 1 bit NDI, RV signaled by reserving 3  entries in the MCS/TB table index (see e.g. R1-080591) 

· 1-bit overhead 

4. Both NDI and RV signaled by reserving entries in the MCS/TB index. 

· 0 bit overhead 

Uplink: 

In principle the same alternatives applies to the uplink, but since the uplink hybrid-ARQ protocol is synchronous, the redundancy version can be tied to the subframe number, i.e., a new transmission uses RV=0 and for each retransmission (which occurs one HARQ RTT later, 8 ms in FDD). Typically, uplink retransmissions are requested by a NAK on the PHICH, but to allow for synchronous adaptive HARQ and to handle certain error requirements, an indication whether a grant is valid for new data or retransmissions is required. Thus, as there is no need to signal the RV explicitly, basically two alternatives remain:

A. 1 bit NDI included in the uplink grant 

· 1 bit overhead

B. One MCS/TB index reserved to indicate retransmission. 

· 0 bit overhead 

The discussions were related mainly to the downlink case. Some schemes were claimed to rely on the possibility for the eNodeB to detect DTX of the ACK/NAK signal, which is not possible in case of CQI+ACK/NAK in case of normal cyclic prefix. The potential problems of introducing memory in the control signaling and the UE missing the first PDCCH assignment were also brought up. The preferences expressed are summarized in the table below.

Proposed way forward: 

· Downlink: select alternative 1.

· Uplink: select alternative A.

	Company
	Downlink
	Uplink

	Ericsson
	1 (or 2)
	A

	LG
	1 or 2
	

	Motorola
	3
	

	Nokia, Nokia Siemens Networks
	1 or 2
	Similar structure as DL

	Nortel
	1
	Need RV in UL

	Panasonic
	3
	Need RV in UL

	Qualcomm
	1
	A

	Samsung
	2
	A

	Texas Instruments
	1 (possibly 3 if reliable DTX det)
	A


7. PCFICH-to-RE mapping for one antenna port
From kick-off e-mail:

The PCFICH-to-RE mapping for 2 and 4 antenna ports is covered by 36.211. However, so far we have not agreed on the mapping for the single antenna port case. In principle, two proposals seems to be on the table

· Use the same mapping as for 2 and 4 antenna ports (e.g. R1-080069). 

· Use the REs otherwise used for the reference signal on the second antenna port to transmit the PCFICH, resulting in a different mapping scheme for 1 antenna ports and 2, 4 antenna ports (R1-080027).

To complete the PCFICH design, can we agree on one of these schemes? Preferences and views are welcome! 

There seems to be agreement that some performance gain is possible with a special mapping for the single-antenna case (using the REs otherwise occupied by RS for antenna port 1), at least for the larger bandwidhts, but the amount of link gain (0.2 to 0.7 dB) and whether the gains will be visible in the system is not agreed upon.
Proposed way forward: Same mapping for 1 antenna port as for 2 and 4 antenna ports.

	Company
	Proposal
	Comment

	Motorola
	Same mapping for 1, 2 and 4 antennas
	Simplifies implementation, the performance gain with the special mapping does not motivate a special mapping

	NEC
	Same mapping for 1, 2 and 4 antennas
	

	Nokia, Nokia Siemens Networks
	Same mapping for 1, 2 and 4 antennas
	Simplifies implementation, the proposed special mapping does not work well for narrow bandwidths

	Samsung
	Special mapping for 1 antenna
	Performance improvement important.


8. PCFICH in MBSFN subframes

From kick-off e-mail:

During RAN1#50bis (R1-074499) it was agreed that "In MBSFN subframes, the UE should ignore the PCFICH (n is given by higher layers)". However, a couple of problems with this assumption are discussed in R1-080296 (co-sourced by 5 companies):

1. In case the unicast part length (in MBSFN sub-frames) is an MBSFN area-specific parameter, the MBSFN sub-frame signaling in the BCCH would have to convey the MSAP of each MBSFN area separately or non-MBSFN UEs need to read the MCCH, neither which is in line with previous agreements.

2. If the PCFICH is ignored/not transmitted in MBSFN sub-frames, the UEs are not able to correctly receive the PDCCH in MBSFN sub-frames prior to MBSFN sub-frame allocation acquisition or in case the MBSFN sub-frame allocation is not valid at the UE (e.g. due to unsuccessful system information update).

The contribution R1-080296 therefore suggests to 

· Transmit PCFICH in every subframe, including MBSFN subframes on mixed carrier 

· The PCFICH correctly reflects the control region, also in MBSFN subframes 

· The PCFICH value in MBSFN subframes shall be the same as the value provided by higher layers for MBSFN UEs 

This seems to be non-controversial. Can we agree on the above and reflect it in the appropriate specifications?
Several companies supported this proposal and no objections were stated. One comment was made that the second bullet should be clarified by adding "UE may use PCFICH, also in MBSFN subframes".
Proposed way forward: Agree on the three bullets above with the addition of  “the UE may use PCFICH, also in MBSFN subframes" to the second bullet.
9. PHICH sequences
From kick-off e-mail:

One minor issue left for the PHICH is the orthogonal sequences; Table 6.9.1-2 is currently empty.

One possibility is to use four Walsh sequences, e.g., [+1 +1 +1 +1], [+1 -1 +1 -1], [+1 +1 -1 -1] and [+1 -1 -1 +1], for spreading (in case of SF=4). The four sequences would be used in I and Q to get the in total 8 ACK/NAKs agreed at RAN1#51bis.

An alternative proposed last meeting is to use rotational-CDM, which could be expressed as complex-valued spreading sequences.

What are the views from other companies; should we go for simple Walsh sequences or does rotational-CDM provide additional benefits?

One company (KDDI) argued in favor of rotational CDM, claiming improved performance with semi-static configuration of the rotation angle. The gains were questioned by another company (Huawei) who also pointed out the increase in complexity in the correlators with rotational-CDM compared to the use of Walsh sequences.

A proposal from the moderator on the reflector to adopt Walsh sequences were objected by one company (KDDI).
Proposed way forward: Discuss and see if we can adopt Walsh sequences.
10. PHICH - linkage to uplink transmissions
From kick-off e-mail:

The PHICH carries hybrid-ARQ acknowledgements related to uplink transmissions. However, the exact relation describing on which PHICH the UE should expect the ACK/NAK needs to be captured in the specifications. There have been some discussions in the past whether the PHICH resource is given by

· the first CCE on the PDCCH, or 

· the first PRB in the UL allocation 

· In addition, to support MU-MIMO, the PHICH number needs is modified by the UL DM RS assigned to the UE as part of the grant

· Persistent scheduling also needs to be supported; RRC signaling could be a solution 

However, we need to take this one step further and decide whether PHICH is linked to 
1. first CCE in the PDCCH
2. first RB used for UL transmission 

and, for the option we select, define the exact relation (equation or similar) describing how the UE shall derive the PHICH number. Several Tdocs were submitted to RAN1#51bis (Tdocs 23, 71, 135, 231, 261, 301).  Tdoc 301 contains a relatively detailed discussion with expressions giving the PHICH index, which seems to be a good starting point for discussions in case we select PRB-to-PHICH association.  For CCE-to-PHICH association, there is some discussion in Tdoc 23.

Most companies seems to be of the view that CCE-to-PHICH linkage will not result in reduced overhead as the PHCIH overhead is determined by the PHICH resource signaling on PBCH. Preferences are summarized in the table below. However, no detailed solution ready for inclusion in the specifications were proposed.

Proposed way forward: link PHICH resource to first PRB in UL allocation, complemented by RS cyclic shift indication for MU-MIMO
	Company
	Preference
	Comments

	Ericsson
	First PRB in UL allocation
	include cyclic shift for MU-MIMO, include UL subframe number for TDD

	LG Electronics
	First PRB in UL allocation
	

	Motorola
	Semi-static PHICH group + explicit CSI signaling in UL grant for dynamically scheduled UEs and MU-MIMO
	First PRB in UL allocation for persistently scheduled UEs

	NEC
	First PRB in UL allocation
	include cyclic shift for MU-MIMO

	Nokia, Nokia Siemens Networks
	First PRB in UL allocation
	Include index modifier

	Nortel
	First PRB in UL allocation
	

	Qualcomm
	First PRB in UL allocation
	

	Samsung
	First CCE on PDCCH
	

	Panasonic
	First CCE on PDCCH

	

	InterDigital
	First CCE on PDCCH

	


11. Misc PHICH details

A couple of smaller PHICH details were brought up on the reflector:

· PHICH resource indication

· It was suggested to clarify that the amount to PHICH resources signaled on PBCH denotes an integer number of PHICH groups (with 8 PHICH each). 

· For extended CP, the number of PHCIH groups reserved should be an even number as SF=2 for extended CP while the REG size is 4 REs.
Proposed way forward: Agree to the two points above.

12. Cell-specific PHICH mapping
The proposal to make the PHICH mapping dependent on the cell ID was made, the reason being the potential collisions between PHICH in neighboring cells (R1-080997) and illustrated below.

No views in favor or against the proposal were stated on the reflector other than those by the proponent.

Proposed way forward: Discuss further.
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