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Summary

Much progress was made in Kobe defining DL distributed transmissions, including the framework agreed in R1-072610. This contribution summarizes subsequent email reflector discussion, and proposes a possible way forward.
Reflector Discussion

The following questions were posed on the reflector to encourage discussion. A number of replies were received, and summarized below. 
 (1) We agreed that Nd=2,3,or N_DPRB, and now need to select a value.
(a) What is the performance difference between the Nd values? What is the additional diversity benefit from using Nd>2?
Qualitative comments that may need more than Nd=2 with non-TU channels. Quantitative comment 0 to 0.5 dB for Nd=3 over Nd=2 (with or without HARQ). Beyond Nd=6 offers minimal gains (with 1 HARQ retransmission) or ~0.5dB (no HARQ).

(b) Can we assume that Nd is known, and equal to either a fixed value (2 or 3) or N_DPRB? I believe most wanted this configuration. If not, we would need to justify (and define) the extra signaling.
Most prefer known (no extra signaling), possibly dependent on system bandwidth. One suggestion to have semi-static configuration of Nd=2 (for resource allocation efficiency) and Nd=6 (diversity benefit).
(c) Does the value of Nd have to be 3 to support (or easily support) interference avoidance? How much desire is there for interference avoidance for distributed users?
No desire for interference avoidance expressed. Possible to do interference averaging, which may be more appropriate. 
(d) For Nd=N_DPRB, can we easily support large N_DPRB values? How will the mapping equations (examples needed) look when N_DPRB is large (say 87, with a DVRB broken into 87 pieces)? Given the RS overhead, there may be cases with more pieces than RE’s. Also need to consider that RE’s may have to be at least paired for SFBC.
Large N_DPRB may require a special rule to handle fewer RE’s (or RE pairs for SFBC) than N_DPRB. SFBC can be addressed. 
(2) We agreed that one fixed mapping for how DVRBs are distributed into PRBs is supported. What are the mapping candidates? How do they compare in terms of performance versus simplicity?
Simple mappings are possible and perform well. Candidates include simple RE (or RE pair) hopping among PRBs based on localized transmission, simple ~FDM (time first) and ~TDM (frequency first) mappings. It is possible for the mapping to not be dependent on N_DPRB. 

Non-TDM (frequency first) mappings may allow power sharing among users assigned to a PRB. 
(3) No agreement was made on how the value of N_DPRB was signaled (need not be known, semi-static, dynamic). A majority favored semi-static.
(a) ‘Need not be known’ and ‘dynamic’ have a potential advantage of adjusting, on a subframe-by-subframe basis, the split between distributed and non-distributed users. How much system gain is possible with this approach? Is a semi-static approach based on e.g. longer term voice load sufficient? What would be the signaling period and mechanism for the semi-static approach have to be for it to be sufficient?
No system evaluation gain performed. Both dynamic (N_DVRB signaled on L1/L2 control assignment) and ‘need not be known’ may have benefits over semi-static, but dynamic may provide better diversity (combined with Nd=N_DPRB) than ‘need not be known’ with fixed Nd.
'Need not be known' (with the mapping being independent of N_DPRB) allows changing the distributed load (N_DPRB out of all PRB) every sub-frame with one bit on the PDCCH, and no dynamic signaling of the value of N_DPRB.
Semi-static may only have a problem with Nd=N_DPRB. With Nd=2 or 3, can dynamically recycle PRBs reserved for distributed users in groups of 2 or 3 PRBs simply by assigning those PRBs to the localized users.
(b) Distributed transmission may be from persistent and non-persistent users. Can the dynamic approach (with extra information in the L1/L2 control channel) handle persistent users? If not, we need to select one of the other approaches.
RAN2 has made a decision to allow (semi-)persistent users, where a persistent user that does not receive a grant can assume same resources. The dynamic approach can handle persistent users by sending each persistent user a grant indicating the (new) N_DPRB value. However, this may not be efficient. It was further noted that even for semi-static changes to N_DPRB, grants would have to be sent to update ongoing persistent allocations.
Again, ‘need not be known’ (with mapping independent of N_DPRB) offers similar advantages as ‘dynamic’ with just a single bit (or possibly different grant formats). 
(4) No agreement was made on which PRBs are the N_DPRB PRBs for distributed transmission (need not be known, static given N_DPRB, semi-static). A majority favored static given N_DPRB.
(a) How do the mappings affect potential diversity gain, or unduly restrict the scheduler?
The PRBs assigned to the distributed transmission should be distributed across the whole BW as far as possible to guarantee the diversity gain.
(b) Is a semi-static mapping warranted? What is the signaling/benefit tradeoff?
No justification for semi-static provided.

Table summarizing Question Responses

	Company/Topic
	Nd, Nd configuration
(Nd=2,3,or N_DPRB)
	Mapping of DVRB to PRB
	Signaling of N_DPRB
(‘need not be known’, semi static, dynamic (=N_DVRB signaled on L1/L2 control assignment))
	Which PRBs are the N_DPRB PRBs?
(need not be known, static given N_DPRB, semi-static)

	Mitsubishi Electric
	Nd=N_DPRB (known)
	Simple hopping based on localized
	Dynamic
	Static mapping

	LGE
	
	
	Both Dynamic and semi-static may have problem with persistent users
	

	Philips
	Nd=N_DPRB (known)
	Simple hopping based on localized
	Dynamic or semi-static
	Static or semi-static

	Nokia / Nokia-Siemens
	Nd=3 (BW>=MHz) Nd=2 (BW<5MHz)

(known)
	Not dependent on N_DPRB
	Need not be known
	Need not be known

	Panasonic
	Nd=2 or 6 (semi-static)
	FDM or scattered for power sharing
	Need not be known
	Need not be known

	NEC
	Nd=2,3,or 6 (semi-static)
	
	Need not be known
	PRB offset and spacing is Semi-static (persistent) or dynamic (non-persistent) (

	Nortel
	Fixed rule, possibly based on N_DPRB and bandwidth
	Simple mapping with lowest complexity
	Semi-static
	

	Motorola
	Nd=3 (known) sufficient for diversity
	Simple (time or frequency first)
	
	

	
	
	
	
	


NOTE: Several companies below expressed a view on these topics in R1-072610, followed by a supporting contribution submission to Orlando. 
	Company/Topic
	Nd, Nd configuration
(Nd=2,3,or N_DPRB)
	Mapping of DVRB to PRB
	Signaling of N_DPRB
(‘need not be known’, semi static, dynamic (=N_DVRB signaled on L1/L2 control assignment))
	Which PRBs are the N_DPRB PRBs?
(need not be known, static given N_DPRB, semi-static)

	Qualcomm
	Nd=N_DPRB (known)
	Fast tone hopping
	Semi-static
	Semi-static

	NTT DoCoMo, Fujitsu, KDDI, Sharp, Toshiba
	Nd=2 or 3 (semi-static or dynamic)
	
	Need not be known
	Need not be known

	Samsung
	Nd=2 (known)
	RB hopping
	
	

	
	
	
	
	


Way Forward

Many (but not all) proposals tend to fall into one of two camps

A) Nd=2 and/or 3, where N_DPRB need not be known. FFS whether Nd may be a single known value, based on BW, semi-static, dynamic.

B) Nd=N_DPRB, with dynamic or semi-static signaling of N_DPRB.

A simple mapping is generally desired with either A) or B).
Key points of discussion can include performance (amount of diversity) results, as shown in 
R1-072687
E-UTRA DL Distributed Transmission Mapping rules and Performance 
Motorola

R1-072749
Frequency Diverse transmissions for E-UTRA DL
Qualcomm Europe

R1-072777
Performance evaluation of diversity VRB mapping schemes                 
Nortel

R1-072795
Distributed channel mapping 
Panasonic

R1-072946
RB-level Distributed Transmission Method for Shared Data Channel in E-UTRA Downlink
NTT DoCoMo

R1-073127
DL VRB to PRB mapping
Samsung

These results may indicate that, especially when HARQ is considered, there is little diversity gain beyond Nd=3. 

Reflector discussions also indicated that 
(a) there may be a (as yet unsubstantiated) benefit of dynamically adjusting the split of distributed and localized users (i.e., avoid semi-static signalling of N_DVRB)
(b) there may be an advantage to N_DPRB “need not be known” since (semi-) persistent users need to be sent explicit resource assignments whenever N-DPRB changes
It may be possible after such discussions to refine the A) or B) proposals, perhaps in conjunction with a simple mapping and an agreement on the spacing of DPRBs, such that A) or B) have a substantial majority. 
Orlando agenda item 5.12 contributions

5.12 Mapping of virtual resource blocks to physical resource blocks

Downlink
R1-072686
Way forward for mapping of DL distributed transmissions to physical resource blocks
Motorola

R1-072687
E-UTRA DL Distributed Transmission Mapping rules and Performance 
Motorola

R1-072749
Frequency Diverse transmissions for E-UTRA DL
Qualcomm Europe

R1-072750
Impact of constrained resource signalling in PDCCH
Qualcomm Europe

R1-072777
Performance evaluation of diversity VRB mapping schemes                 
Nortel

R1-072788
Partition Rule for Distributed Multiplexing in E-UTRA
ITRI

R1-072795
Distributed channel mapping 
Panasonic

R1-072826
DL Distributed Resource Signalling for EUTRA
NEC Group

R1-072827
DL Distributed Resource Block Mapping for inter-cell interference randomization
NEC Group

R1-072903
Mapping of virtual resource blocks for the Physical Data Shared Channel
Huawei

R1-072917
Resource block mapping for EUTRA downlink distributed transmissions
Mitsubishi Electric

R1-072946
RB-level Distributed Transmission Method for Shared Data Channel in E-UTRA Downlink
NTT DoCoMo

[Not submitted] R1-073022
On distributed transmission in the downlink
Ericsson

R1-073127
DL VRB to PRB mapping
Samsung

R1-073140
Further details of mapping of VRBs to PRBs in E‑UTRA Downlink
Philips
Uplink

R1-072778
UL RB hopping
Nortel

R1-072828
Frequency Hopping Pattern for EUTRA Uplink
NEC Group

R1-072907
Combination of uplink semi-persistent schedule and frequency hopping
ZTE

R1-072947
Control Signaling for Uplink Frequency Hopping in E-UTRA 
NTT DoCoMo

R1-073089
Uplink time domain hopping for E-UTRA TDD
Samsung

R1-073115
LFDMA with hopping in PUSCH
Samsung
















































































































