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1 Introduction

In the 3GPP RAN WG1 meeting #53, the mapping method for RI was agreed that RI bits are placed next to the ACK/NACK bits in PUSCH, irrespective whether or not A/N is present[1][3]. The possible impact by power transition period of UE transmitter was not considered in the current RI mapping method. Hence, in this document, we discuss the issue and provide some solutions. 

2 Impact of power transition period

Based on current specifications [1][2], Uplink Demodulation Reference Signal (DM-RS) is transmitted in the 3rd SC-FDMA symbol in an uplink slot with normal CP, and is transmitted in the 2nd SC-FDMA symbol in an uplink slot with extended CP; and ACK/NACK is transmitted in the 4 SCFDMA symbols near UL DM-RS if ACK/NACK is multiplexed with PUSCH; and RI is always transmitted in the 4 SCFDMA symbols near ACK/NACK if RI is multiplexed with PUSCH. 

Considering the time mask of UE transmitter, certain power transition period is required to increase from OFF power to ON power, or decrease from ON power to OFF power. Up to now, no exact value has been specified on the transition period for LTE yet.  Referring the specification of 25 series [4], the power transition period is 50(s, which is comparable to the length of an uplink SCFDMA symbol (about 66.7(s). Hence the presence of power transition period will have some impact on the demodulation performance of SCFDMA symbol. 

As shown in Figure 1, the SCFDMA symbols carrying RI may be SCFDMA symbols with power transition. 

· For extended CP subframe without SRS, i.e Figure 1(a), power transition happened in the first SCFDMA symbol carrying RI.

· For extended CP subframe with SRS, i.e Figure 1(b), power transition happened in both the first and the last SCFDMA symbol carrying RI.

· For normal CP subframe without SRS, i.e Figure 1(c), no problem found.

· For normal CP subframe with SRS, i.e Figure 1(d), power transition happened in the last SCFDMA symbol carrying RI.

Hence, the problem exists for both normal CP and extended CP structures, and RI performance is likely to be degraded during the power transient period.
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(b) Extended CP subframe with SRS (d) Normal CP subframe with SRS
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Figure 1: Localized mapping

Another observation is that according to section 5.2.2.8 in [1], if we index the 4 SCFDMA symbols carrying RI from left to right as 0 to 3, the current mapping order of RI is [0 3 2 1], i.e. the RI symbols are first mapped to a symbol in the 0th SCFDMA symbol carrying RI, then a symbol in the 3rd SCFDMA symbol carrying RI; then a symbol in the 2nd SCFDMA symbol carrying RI; and then a symbol in the 1st SCFDMA symbol carrying RI; and then loop back to the 0th SCFDMA symbol carrying RI.  Following such a mapping order, RI symbols are first mapped to the two SCFDMA symbols which are possible degraded by power transition. In some extreme case, e.g. when RI consists only 2 symbols, RI is fully transmitted on SCFDMA symbols with power transition. 

Based on the resutls in [5][6], in many MCS levels, very little number of ACK/ANCK symbols, e.g. 1 ACK/NACK symbol per slot, are enough to guarantee its performance. Such a property should also apply to RI due to the similar channel structure of RI and ACK/NACK. 

In summary, current RI mapping method will result in SCFDMA symbols with power transition are prioritized, and in many MCS levels, RI is fully transmitted in the SCFDMA symbols with power transition, which is obviously harmful for RI performance. 

3 Proposed mapping method for RI
Based on the discussion in section 2, to optimize the performance of RI, we should prioritize the SCFDMA symbols without power transition. In detail, we first map RI symbols to one modulation symbols of each SCFDMA symbol without power transition, and then map RI symbols to one modulation symbols of each SCFDMA symbol with power transition, and then repeat the procedure until all RI symbols mapped. 

From Figure 1, if we index the 4 SCFDMA symbols carrying RI from left to right as 0 to 3, we conclude that 

· For extended CP structure, the 1st and 2nd SCFDMA symbol carrying RI are free of  power transition and should be mapped first, because the 3rd SCFDMA symbol carrying RI has power transition when SRS is present and the 0th SCFDMA symbol carrying RI always has power transition hence should be mapped last.

· For normal CP structure, the first 3 SCFDMA symbols carrying RI are free of power transition, while the last SCFDMA symbol carrying RI has power transition when SRS is present, hence mapping in the first 3 SCFDMA symbols carrying RI should be prioritized. 

In the following parts, two options are discussed to optimize RI mapping. 

3.1 Option 1: Only change Table 5.2.2.8-1 in 36.212 v8.3.0

If minimizing the modification on the current specification is desired, we could keep the pseudo code in step (3) in 5.2.2.8 in 36.212 v8.3.0, and only change Table 5.2.2.8-1. Therefore, we can provide a modified table for Table 5.2.2.8-1 as shown in Table 1. 

Following current pseudo code, the 4 SCFDMA symbols carrying RI are indexed from left to right as 0 to 3, and RI symbols are mapped to the 4 SCFDMA symbols with order [0 3 2 1]. Then, replacing Table 5.2.2.8-1 with Table 1, it can be easily verified that the SCFDMA symbols without power transition are prioritized. 


[image: image2]
3.2 Option 2: Change Table 5.2.2.8-1 and the pseudo code in 36.212 v8.3.0

In Option 1, RI symbols are mapped to the column set in Table 1 with an unnatural order, i.e. the order [0 3 2 1]. It seems more simple if order [0 1 2 3] is used, and correspondingly, Table 2 is used to replace current Table 5.2.2.8-1. the same effect as Option 1 can be obtained.

[image: image3]
Comparing Option 1 with Option 2, Option 2 is more natural in concept, though a slight more change to specification. At present our preference is Option2 to trade off complexity and benefits. 

Note: we may apply the same modification on ACK/NACK mapping in step (5), which intends to align the mapping method of RI and ACK/NACK, since they have similar channel structure, but this alignment is not required if modification on ACK/NACK mapping is not desired. Currently Samsung prefers such an alignment.

4 Conclusion

To solve the issue found in section 2, 2 solutions are discussed in section 3. It should be noted that the required spec modification from the 2 solutions are minor. It is recommended to agree on Option 2 and the corresponding draft CR based on option 2 is provided. 
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5.2.2.8 	Channel interleaver


… The output bit sequence from the channel interleaver is derived as follows:


(1)	, (2)	…


 (3) If rank information is transmitted in this subframe, the vector sequence � EMBED Equation.3  ��� is written onto the columns indicated by Table 1, and by sets of Qm rows starting from the last row and moving upwards according to the following pseudocode. 


Set i, j to 0.


Set r to � EMBED Equation.3  ���


while i < � EMBED Equation.3  ���


		� EMBED Equation.3  ���


		� EMBED Equation.3  ���


		� EMBED Equation.3  ���


		� EMBED Equation.3  ���


		� EMBED Equation.3  ���


end while


~ (6) …


Table 2: Column set for Insertion of rank information


CP configuration�
Column Set�
�
Normal�
{4, 7, 1, 10}�
�
Extended�
{3, 5, 8, 0}�
�
  








5.2.2.8 	Channel interleaver


… 


Table 1: Column set for Insertion of rank information


CP configuration�
Column Set�
�
Normal�
{4, 10, 1, 7}�
�
Extended�
{3, 0, 8, 5}�
�
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