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1. Introduction
In RAN1#51 meeting in Jeju, Nov 2007 [1], it was agreed that in order to enable the efficient power and bandwidth utilization at eNode B for all OFDM symbols but at the same time to minimize the signalling or estimation efforts for the data-to-RS EPRE ratio, we propose:

· For each UE, equal PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols containing RS, denoted by P_A,

· For each UE, equal PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols not containing RS, denoted by P_B,

· For each UE, potentially different P_A and P_B due to different PDSCH EPRE,

· The ratio between P_A and P_B is known at the UE. This ratio can be derived from the signalled RS boosting value. 

· FFS: if other signalling is needed in deriving this ratio.

In this contribution, we show how the P_A/P_B ratio is calculated from the RS boosting value, which is represented by the RS overhead as a percentage of total power in the RS OFDM symbol. 

2. Proposal

An example of reference signals transmission over 6 subcarriers within a subframe is shown in Figure 1. 
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Figure 1: Mapping of downlink reference signals, 4 Tx case shown..
Let the total available data power on a non-RS OFDM symbol be 
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, and let the total available data power on an RS OFDM symbol be 
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is the total RS power as a percentage of the total power on the RS OFDM symbol. For the k-th user, let the pair 
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be the EPRE power and number of subcarriers assigned on the non-RS OFDM symbols; and let the pair 
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 be the EPRE power and number of subcarriers assigned on the RS OFDM symbols. 

1. For 2 Tx (2 eNode-B transmit antenna) and 4Tx case. We have 
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due to the RS structure in LTE where 2 out of every 6 subcarriers are reserved for RS in RS OFDM symbols (see Figure 2 and 3).  Furthermore, we propose the ratio between the two data EPREs
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       for k=1,…K where K is the total number of UEs scheduled.  Note the above ratio enables us to use maximum power in  both RS and non-RS OFDM symbols at the same time. To see this, assume a power-control policy on the non-RS OFDM symbols where 
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, i.e. max power is used in the non-RS OFDM symbols, then it is easy to verify that 
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      indicating the full use of power on RS OFDM symbols.

2. For 1 Tx case. We have 
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due to the RS structure in LTE where 1 out of every 6 subcarriers are reserved for RS in RS OFDM symbols (see Figure 1).  Furthermore, we propose the ratio between the two data EPREs
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We now organize the above proposal into tables that indicate the T2P (Traffic to Pilot) ratios on different antennas and different OFDM symbols. Note ‘i’ is the OFDM symbol index and i=1,…14, and t is the transmit antenna index.
Table 1: The T2P ratio for 1Tx  case. 
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 is Tx antenna index. 
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is OFDM symbol index.
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Table 2: The T2P ratio for 2Tx case. 
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 is Tx antenna index. 
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is OFDM symbol index.
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Table 3: The T2P ratio for 4Tx case. 
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 is Tx antenna index. 
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is OFDM symbol index.
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Remarks: 

· The k-th UE needs to know 
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 and RS overhead ratio 
[image: image35.wmf]RS

h

to derive 
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. In practice, T2P (traffic two pilot) ratio is more often used then the actual power, so the k-th UE needs to know 
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 is the per-subcarrier RS power. 

· It is important to note that while this ratio allows full use of power in both RS and non-RS OFDM symbols, it does not mandate that full power being used at all time. In fact, simply removing one UE from the K UEs provides an example of not fully using the eNB power.

Examples (for 2Tx case)
1. If 
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, then we have 
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. This is the case where the percentage of total power and total bandwidth used for RS overhead is the same.  Also known as “no boost” or “reference case”.
2. If 
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. This is an example of so-called “boosted” case where more percentage of  power than bandwidth is used for RS overhead.  We note that the data RE powers on the RS OFDM symbols have to be reduced to make room for the RS “boosting”. 

2.1. Node-B Signalling and UE behaviour 
We denote R_ovhd as the eNodeB signaling indicating both the 
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 level and the method of computing all the T2P ratios across all antennas and OFDM symbols, according to one of the tables (Tables 1-3) as shown above. One method of such mapping of R_ovhd  to 
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 level and the method of computing the T2P ratios is illustrated below in Table 4.   In this example, we observe that the methods specified in Table 3 is used for all  R_ovhd entries.  The number of bits used for R_ovhd can be other than 3 bits used in this example. Similar tables (where the same T2P calculations method is applied to all entries ) can be constructed for 1Tx  case with  Table 1 method, and 2Tx case with Table 2 method,
Table 4 Example of mapping of R_ovhd  to 
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 level and the method of computing the T2P ratios. 3-bit R_ovhd and 4Tx  assumed. 
	R_ovhd
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 Level
	T2P calculation method 

	000
	1/6 =16.66%
	T2P ratio method specified in Table 3, for 4Tx case. 

	001
	1/3
	

	010
	3/6
	

	011
	4/6
	

	100
	5/6
	

	101
	6/6
	

	110
	reserved
	

	111
	reserved
	


eNB signalling: We propose to include the RS overhead signal R_ovhd in the cell-specific broadcast message. This can be in addition to the UE-specific signaling of 
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UE behaviour: after receiving R_ovhd, the UE looks up the mapping table of R_ovhd (examples of these tables are shown in Tables 6-8)  and obtain 
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 level , as well the method of computing the T2P ratios across all antennas and all OFDM symbols.   The UE then uses both obtaining 
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 and 
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 to calculate all other T2P ratios across different antennas and OFDM symbols. 
3. Other alternatives for 4Tx case
For the 4Tx case, it is noteworthy that if we set T2P according to Table3, then for the RS OFDM symbols, not all antennas are able to transmit at full power. This is due to the fact that for a given OFDM symbol, only half of the antennas will transmit RS, while the other RS will not.  If we require equal T2P across all antennas in the RS OFDM symbol, then we are limited to the solution in Table 3.  However, it was shown in [2][3][4] that allowing different T2P values across different antennas can result in further  performance benefit.  To facilitate the discussion, in Table 5 we provide a similar tabular form where we allow different T2P values across both antennas and OFDM symbols:
Table 5: Further improvement for 4Tx case allowing different T2P ratio across antennas and OFDM symbols.
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In certain situations, eNB restrict codebook to a small subset such that fixed precoding can be applied at the eNB side without changing the constant Modulus property of the codebook subset. In these situation, one can move power around across different antennas in the RS OFDM symbols. As a result, the T2P ratio across antennas and OFDM symbols are given by Table 6. 

Table 6: Another alternative for 4Tx case.
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One way of supporting these alternative 4Tx T2P calculation methods(in addition to the method of Table 3), is to have  R_ovhd mapping table that allows more than one T2P calculation methods for different entries, as illustrated by the example in Table 7 below.

Table 7 Example of mapping of R_ovhd  to 
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 level and the method of computing the T2P ratios. 3-bit R_ovhd and 4Tx  assumed. 
	R_ovhd
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 Level
	T2P calculation method 

	000
	1/6 =16.66%
	T2P ratio method specified in Table 3, for 4Tx case.

 

	001
	1/3
	

	010
	3/6
	

	011
	4/6
	

	100
	5/6
	

	101
	1/3
	T2P ratio method specified in Table 5 (or Table 6),  for 4Tx case

	110
	3/6
	

	111
	4/6
	


4. Discussion on multi-codeblock cases

In the RAN1 email reflector discussed after Jeju meeting, it was pointed out that the impact of EPRE scaling is not clear if the reduced-EPRE REs mainly corresponds to a subset of multiple code blocks.  We think this is a valid concern, since the performance of the transport block is dictated by the worst codeblock.  Therefore,  we consider two possible alternative ways of addressing this issue:
1. Deviate from the current frequency-first PDSCH to RE mapping, and re-introduce slot-level interleaving. Slot-level interleaving was discussed in channel coding session, but back then the main motivation is to mitigate the performance degradation in fast-fading channels.  The power-scaling gain in RS boosting case give us a strong incentive to revisit this issue again. 

2. Keep both puncturing and power scaling.  In addition, we have a protocol in place if N_CB< U (U is a threshold) then the eNB will turn off the puncturing in this particular allocation, and use power scaling instead. This does not increase the signaling overhead since the value U will be known at UE anyway.  
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