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1 Introduction

At the RAN1 #84bis meeting, it was proposed [1] to fix the cyclic shift hopping (CSH) for a Z repetitions of PUSCH transmissions from eMTC UEs in CE mode B in order to enable symbol-level combining before the channel estimation is performed at the eNodeB receiver.

In this contribution, we share our views on this issue and discuss the necessary mechanisms to support symbol-level combining of the received PUSCH DM-RS symbols transmitted by eMTC UEs in CE mode B.
2 Necessary components to enable symbol-level combining of received PUSCH DM-RS symbols
For PUSCH DM-RS, three kinds of hopping mechanisms are applicable. These can result in either use of different base sequences or different cyclic shifts (CSs) between the two slots of a PUSCH transmission. These are:
· Group hopping of base sequences [2]
	The sequence-group number 
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There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers. Sequence-group hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 

The group-hopping pattern 
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 may be different for PUSCH, PUCCH and SRS and is given by
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where the pseudo-random sequence 
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 is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame where 
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· Sequence hopping of base sequences [2]
	Sequence hopping only applies for reference-signals of length 
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For reference-signals of length 
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, the base sequence number 
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 within the base sequence group is given by 
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For reference-signals of length 
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where the pseudo-random sequence 
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 is given by clause 7.2. The parameter Sequence-hopping-enabled provided by higher layers determines if sequence hopping is enabled or not. Sequence hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 

For PUSCH, the pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame where 
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· Cyclic Shift Hopping (CSH) for PUSCH DM-RS [2]
	The cyclic shift 
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where the value of 
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 is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers, for non-BL/CE UEs 
[image: image27.wmf](2)

DMRS,

l

n

 is given by the cyclic shift for DMRS field in most recent uplink-related DCI 3GPP TS 36.212 [3] for the transport block associated with the corresponding PUSCH transmission where the value of  
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 is given in Table 5.5.2.1.1-1. For BL/CE UEs, a cyclic shift field of ‘000’ shall be assumed when determining  
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The first row of Table 5.5.2.1.1-1 shall be used to obtain 
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 if there is no uplink-related DCI for the same transport block associated with the corresponding PUSCH transmission, and 
-
if the initial PUSCH for the same transport block is semi-persistently scheduled, or

-
if the initial PUSCH for the same transport block is scheduled by the random access response grant.

The quantity 
[image: image32.wmf])

(

s

PN

n

n

 is given by  


[image: image33.wmf]å

=

×

+

×

=

7

0

s

UL

symb

s

PN

2

)

8

(

)

(

i

i

i

n

N

c

n

n


where the pseudo-random sequence 
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 is cell-specific. The pseudo-random sequence generator shall be initialized with 
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 is configured by higher layers or the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, otherwise it is given by 
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When the base sequence changes between slots within a radio frame, it would not be possible for the eNodeB receiver to perform symbol-level combining of the received DM-RS symbols before extracting the channel estimates (i.e., before demodulation of the DM-RS). Thus, if group hopping or sequence hopping is applied, it would not be possible to support symbol-level combining of the received DM-RS symbols.
Group hopping

Further, regarding group hopping, the cell-specific higher layer parameter Group-hopping-enabled would be separately configured for eMTC UEs compared to other UEs, and thus, if the eNodeB chooses to employ symbol-level combining, it can set Group-hopping-enabled to FALSE for eMTC UEs. Additionally, it is also possible to disable group hopping for particular UEs via dedicated RRC signaling even when the cell-specific parameter Group-hopping-enabled is set to TRUE. Thus, the eNodeB can effectively disable group hopping for all or certain eMTC UEs in the cell if it decides to use symbol-level combining of received DM-RS symbols across PUSCH repetitions.
Sequence hopping
Next, we observe from the above descriptions quoted from TS 36.211 that for UEs in CE mode B, sequence hopping does not apply since, for UEs in CE mode B, PUSCH can only be scheduled to be transmitted using a maximum of 2 PRBs in a subframe (sequence hopping applies only when the PUSCH allocation is greater than or equal to 6 PRBs in a subframe).

Cyclic shift hopping (CSH)

CSH is always enabled by default whereby the CS hops from the first to the second slot in a PUSCH transmission following a pseudo-random sequence that is initialized at the start of each radio frame. However, for PUSCH DM-RS, CSs are realized in time-domain, implying that they are simply constant phase rotations applied to the entire DM-RS sequence for a particular DM-RS symbol when mapped in frequency domain. The CS values applied to the different DM-RS symbols in different slots are deterministic once the initial CS assignment and the pseudo-random sequence c(i) is known, and both of these are known at the eNodeB receiver. 

Thus, the eNodeB can easily apply the necessary “de-rotation” (in frequency domain) corresponding to the “hop” of the CS values between two slots of a PUSCH subframe to the received DM-RS symbol on the second slot and then can still perform symbol-level combining to realize the coherent combining gains. In fact, this principle is used by the eNodeB already to receive PUSCH transmissions with OCC spreading – i.e., the eNodeB applies the de-rotation corresponding to the known CSH pattern before de-spreading of the OCC. Hence, this would not be even a new function for an LTE eNodeB.

Summarizing the above, we make the following observation.
Observation 1
· For eMTC UEs in CE mode B, symbol-level combining of received PUSCH DM-RS symbols can be supported via eNodeB implementation without any additional specification support.
3 Conclusions

In this contribution, we presented our views on the issue of supporting symbol-level combining of received DM-RS symbols for PUSCH repetitions transmitted by UEs in CE mode B. Based on the presented discussion, our views are summarized by the following observation:
Observation 1
· For eMTC UEs in CE mode B, symbol-level combining of received PUSCH DM-RS symbols can be supported via eNodeB implementation without any additional specification support.
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