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1. Introduction

Ericsson and Qualcomm have expressed an opinion that DL common reference signal (C-RS) need to be transmitted in NOT all the DL sub-frames in idle (or partially loaded) cells [1] [2]. Against the opinion is one contribution [3] from Samsung. And one contribution [4] from LGE appears somewhat neutral.   Though being on neutral ground, however, if the concept of discontinuously transmitted (DTXed) DL C-RS is accepted, Fujitsu would like to propose considering a supplementary technique to the DTXed DL C-RS concept.

In Section 2, the concepts of DTXed DL C-RS by Ericsson and Qualcomm and some pros and cons indicated by some companies are shown. In section 3, our views on the concept are given. Finally in Section 4, our proposal applicable to the concept is provided. 

2. Discontinuous transmission of DL common reference signal

Figures 1 and 2 roughly illustrate our understanding of the DTXed DL C-RS concepts respectively shown by Ericsson and Qualcomm.
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           Fig. 1 Ericsson’s proposal in [1].           (FDD is assumed in the figure.)
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Fig. 2 Qualcomm’s proposal in [2].       (FDD is assumed in the figure.)
The primary motivations behind the proposals from the two companies are supposedly almost the same. Some details are different.

    Table 1 collects some views and comments from interested companies.

Table 1　Views and comments on DTXed DL common reference signal

	
	Views and comments


	Proponents

 (Ericsson, Qualcomm)
	Smaller cells and narrower sectors(i.e. higher order sectorisation) provide higher data rate [5]. Smaller cells implies less number of active UEs in some cells.

In partial cell loading scenario where most of the traffic is concentrated in a few cells and the rest of the cells are idle, there is no reason to continue transmitting 100% C-RS in the idle cells. Continuously transmitting DL C-RS in the idle cells implies unnecessary interference to other cells and wasteful use of NodeB Tx power. It makes sense transmitting DL C-RS when there’s DL data or BCH and turning off the C-RS transmission when there are no DL data.

For  the commonality between FDD and TDD, there’s no reason to mandate 100% duty cycle C-RS.


	Opponents
(Samsung, TI?, ...)
	The gain is not significant as the overhead(w.r.t. frequency resource) of DL RS is about 5%.

Larger resource (power, density) is needed for the transmission of dedicated RS in order to compensate performance degradation due to the infeasibility of 2-D(time/frequency) averaging/interpolation of channel estimate.

Larger C-RS density would be needed to obtain acceptable level of CQI estimation and measurement for mobility support.

Sub-carrier-wise distributed transmission is difficult to carry out which brings benefit to L1/2 control signals.

The turn-on/off of continuous transmission of DL C-RS can increase the UE complexity related to the channel estimation algorithm.

A UE cannot carry out CQI measurement anytime he wants to do, in DTXed C-RS mode. 


	neutral 
(LGE)
	Unclear of the level of reduction in inter-cell interference.

(The overhead of DL RS is not so large.

The gain may depend on the loading of surrounding cells.)

In the case of 1ms TTI, the time-domain channel-estimation interpolation could not be a deterministic factor when making a decision on DL DTxed RS.



3. Fujitsu’s views on the discontinuous transmission of DL C-RS

The situation can happen in which some cells(or sectors) have no RRC-connected UEs for some periods. Such a situation occurs especially in densely cell-deployed areas and/or highly sectorised cells and/or at dead of night. It may be realistic to suppose most cells are usually partially(or not fully) loaded rather than fully loaded. And it may be natural to intuitively think of being able to turn off the transmission of DL C-RS while they are not needed for any purpose during some TTIs. From the viewpoint of some benefits such as the efficient use (including dynamic power resource allocation between sectors) of NodeB Tx power resource and the reduction in interference to neighboring cells, Fujitsu has no strong reason to oppose the concept of discontinuous transmission of DL C-RS if the benefits are obtained at reasonable cost and complexity, however still has some concerns.

  The concerns raised so far are as follows:

       a)  Impact on the cell ID detection time in a 3-step cell search procedure
　　b)  Impact on frequency/timing measurement by UE

       c)  Criteria of determination of DL C-RS transmission mode

       d)   Impact on UE starting to wake up (i.e. from LTE_Detached or LTE_Idle mode)

       e)   Operation and control mechanism in higher layers

        f)   SIR measurement by UE 

The views on these concerns, not well analysed yet, are shown below.

  a) Impact on the cell ID detection time 

       With a cell search procedure utilising DL RS in determining the cell ID of the target cell, the cell-ID detection time becomes longer as the number of DL C-RS in a radio frame decreases.

  b) Frequency/timing measurement by UE

       A UE can adjust its frequency offset relative to the NodeB by making measurement on received DL C-RS. The adjustment may improve by measuring as many DL C-RS as possible per a radio frame. However, this may depend on the hardware implementation techniques.

 c) Criteria of determination of DL C-RS transmission mode

       It is a question what can be criteria in determining when to turn off DL C-RS continuous transmission, how long to maintain the DTXed transmission and when to return to the continuous transmission.

       Should it be strict to turn off the continuous transmission of DL C-RS only when there are no RRC-connected UEs in a cell?  If there is only one(or two) RRC-connected UE in a cell, DTXed C-RS mode is applied? Or D-RS or lower duty cycle C-RS is transmitted for the UE?
d) Impact on UE starting to wake up (i.e. from LTE_Detached or LTE_Idle mode)

        When a UE is turned on, it doesn’t know if the DL C-RS in the cell are transmitted continuously or discontinuously. So the initial cell search procedure could not rely on the provision that DL C-RS are transmitted every TTI. 

       The impact of DTXed C-RS on UEs in Dormant mode can be neglected as they themselves operate in a DRX/DTX manner. So the DTX/DRX duration only has to be the same as the DTXed C-RS transmission interval.

   e) Operation and control mechanism in higher layers (non-RAN1 issues)

       The state of DL C-RS transmission mode should be explicitly(or implicitly) notified to all the UEs in the cell. The transition between DL C-RS transmission modes should be as transparent as possible to UEs.

f) SIR measurement by UE

       The channel quality measurement result can be affected by the instantaneous state of DL C-RS transmission in the neighboring cells. For example, when a neighboring cell is in DTXed C-RS mode, a UE may get higher SIR values particularly in synchronous network. This could cause inappropriate DL link adaptation based on this measurement result in some occasions. The inter-cell/sector exchange of the information on the state of DL C-RS transmission may be beneficial if the complexity due to the information exchange is acceptable. Alternatively, the UE by itself can be aware of the state of the neighboring cells by measuring SIR and path losses to the serving cell (and the neighboring cell). If the measured path loss to the serving eNodeB is large but the measured SIR is relatively good, the UE can infer that the neighboring cell may be in DTXed C-RS mode and, if needed, let the serving NodeB know that.

   It is yet unsure if the concerns shown above are issues. 

4. Fujitsu’s proposal

If the DTXed DL C-RS concept is accepted, Fujitsu would like to propose a supplementary transmission of DL C-RS, applicable to the DTXed DL C-RS concept. 

  DL C-RS is always transmitted within the central 1.25MHz (or 5MHz)-wide band of each TTI regardless of the number of RRC-connected UEs in the cell. 
This proposal of “supplementary narrow band C-RS in DTXed DL C-RS mode” can relieve some of the concerns shown in Section 3.

Figure 3 illustrates how the supplementary C-RS are transmitted with DTXed C-RS. Within the central 1.25MHz-wide band, DL C-RS are transmitted every TTI. 


[image: image3.wmf]C-RS

C-RS

1.25MHz (or e.g. 5MHz)-wide C-RS

10ms, 5ms, (2.5ms, 2ms,) 1ms

1 ms

FFS if this BW is the same as P/S-SCH BW (i.e. 1.25 MHz)

or wider(e.g. up to S-BCH BW)

E

n

t

i

r

e

 

s

y

s

t

e

m

 

b

a

n

d

w

i

d

t

h

(

o

r

 

r

e

d

u

c

e

d

 

b

a

n

d

w

i

d

t

h

f

r

o

m

 

t

h

e

 

e

n

t

i

r

e

 

s

y

s

t

e

m

 

b

a

n

d

w

i

d

t

h

)

supplementary narrow band DL C-RS

discontinuously transmitted DL C-RS


Fig. 3 Proposed supplementary transmission of DL common reference signal
    This proposal doesn’t exclude the use of D-RS or transport-channel-specific RS.

   The supplementary transmission of narrow band DL C-RS can be applied to Ericsson’s and Qualcomm’s proposals as shown in Figures 4 and 5.
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Fig. 4 Application to Ericsson’s proposal
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Fig. 5  Application to Qualcomm’s proposal

 Figure 6 shows an example of the transmission of DTXed C-RS and supplementary C-RS. The transmission of a data and a dedicated reference signal (D-RS) for the data is shown. 
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Fig. 6  Example of transmission of DTXed and supplementary DL common reference signal
Figure 6 assumes: 

the transmission of BCH, P-SCH and S-SCH in the same TTI;

the transmission of DTXed “entire band” DL C-RS every 5 ms.

For convenience, the band in which the supplementary narrow band DL C-RS are transmitted is named core band.    All the UEs in the cell only have to monitor L1/L2 control signals and common control signals(if any) within the central “core band” while “entire band” DL C-RS are NOT transmitted.

   Possible benefits from the supplementary transmission of narrow band C-RS in DTXed C-RS mode:

      1) The impact on the initial cell search can be removed.

      2) The impact on the frequency/timing measurement using C-RS by UE can be removed.

      3) When there are very small number of RRC-connected UEs in a cell, the DTXed C-RS mode can be applied to the cell. Then the DL data transmission to the UEs is done within the central “core band.”
5. Conclusion

  Fujitsu has no strong reason to oppose the concept of discontinuously transmitted DL common reference signal (DTXed DL C-RS), however still has some concerns. The supplementary transmission of narrow band C-RS in DTXed C-RS mode is proposed. The proposal may relieve some of the concerns.

If the concept of DTXed DL C-RS is accepted, Fujitsu would like to propose considering the supplementary transmission of narrow band C-RS, applicable to the DTXed C-RS concept.

6. Reference
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   Note: [1] through [4] are for RAN1#46bis (2006.10), not treated due to the lack of time.
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