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Introduction 

In a semi-persistent scheduling, certain resources are allocated and fixed so that the mobile doesn’t incur additional layer 1 signaling such as scheduling grants, modulation and coding information, etc. This is suitable for VoIP-like services. However, due to the channel condition change and the payload size variance, the modulation and coding of the transmission may need to be slowly adapted. Traditionally the UE should blind-detect all possible modulation and coding schemes to receive the data on the downlink. However, this will increase the processing power of the UE and reduce the battery life. We analyze this issue in this paper.    

Discussion 

In Figure 1, we show the CDF of user geometry (average SNR) in a cell. 
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Figure 1. Geometry Curve

 It is seen in Figure 1 that the dynamic range of a user’s average SNR is large, e.g., -4.2dB at 95% coverage (cell edge) and 13dB at 10% (close to ENB).  It is obvious that if the users at cell edge and users close to ENB use the same modulation and coding scheme, the spectrum efficiency will be much reduced due to the significant dynamic range. For example, if the same QPSK and rate 1/4 coding is used for all users, the spectrum efficiency is 0.5 bits/symbol. If the payload is 244 bits, then 488 symbols are required for the transmission. This may be very suitable for the cell edge user case (low geometry case). On the other hand, if the same MCS used for the users close to the ENB with high geometry, then significant resource is wasted. For the 10th percentile users, 16-QAM and ¾ coding may be good enough, which gives 3 bits/symbol. This only requires 82 symbols for the transmission. and is a 6X resource saving. More savings may be achieved with 64-QAM. This is especially true for the uplink which lacks the capability of “quick resource control” from the ENB.  It is observed that for a mobile user, its MCS shall be dynamically changed, and the dynamic range could be large.      

However, the UE may not need to change its MCS rapidly. The HARQ process can deal with the fast fading effect so there is not much need for the fast AMC based on CQI to deal with the small near-constant size payload. Not changing the MCS rapidly may both reduce the associated VoIP overhead and save UE battery life. Slow changes of the UE’s MCS should be based as the average SNR (e.g., moving from cell centre to cell edge) or codec rate changes (e.g, 12.2k changes to 4.8k although not very likely). Some of these changes may also affect the scheduled resource size (# of RBs) and position in the subframes (position of the RBs).   

Proposal 
There are several ways that may deal with this issue. 
1) The MCS change for the consecutive transmissions will only be within a certain range. For example, up and down one MCS a constant increment in the MCS table (see Figure 2). Assume in subframe N that the ENB transmits the voice data to the UE using MCS index 17; then in the subframe N+20 (next Voice frame transmission), the ENB can only select the MCS 16 (17-1), 17, or 18 (17+1). The UE will begin by decoding the voice packet with the previous MCS. If it fails it will try either MCS 16 or 17 until it decodes the packet successfully. If it doesn’t decode using any of the MCSs, it will send a NACK on the UL. If the increment is two, MCS 15, 16, 18 and 19 would be possibilities. This can reduce the UE’s blind detection range and allow the MCS to gradually change in a larger dynamic range without incur any additional reconfiguration signaling. The searching procedure of the UE can be optimized as well but that is left for implementation. One possible way could be that UE always attempts the MCS previously used which is 17, and then attempts 16 or 18. The limited dynamic range (maximum MCS steps that the transmitter can change in consecutive transmissions) shall be signaled to the UE at the call setup stage for both the UL and DL. No more signaling will occur after that. The receiver will blindly detect in a very small MCS range based on the agreed rule continuously.   
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The possible MCS for the current transmission is  N+1, N, N - 1 given the prior transmission uses MCS  N. Assume the maximum step size is 1.   


Figure 2. Limited MCS dynamic range
2) The second approach is that the transmitter slowly change the blind decoding configuration set when certain events occurs (e.g., only when the UE’s geometry is largely changed or the codec’s rate is changed) otherwise the transmitter will keep the blind decoding configuration set unchanged. The transmitter can detect the variation of channel condition by UE sending CQI in a slow manner. Some details are illustrated as follows:
a. At the beginning of call set up, eNB can notify UE about the index for various blind decoding configurations set by RRC signaling (e.g., total 3 blind detection configuration set, indexed set 1, set 2, and set 3). 
b. Whenever an event trigger occurs (e.g., when UE’s geometry is largely changed), a MAC control PDU is generated to re-configure the blind decoding configuration set by only including the set index.  The start time should be included as well. 
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Signaling from the transmitter to the receiver     Trigger: Geometry changed.     Blind decoding set  change from 1 to 5   START time of the new  blind decoding set  5.   New Resource information (optional)   …..     Signaling from the transmitte r to the receiver     Trigger: geometry changed.   Blind decoding set  change s  from 5 to 2   START time of the new  blind decoding set  2.   New  Resource information  (optional)   …..  


Figure 3. Approach 2.
3) The third approach is a special case for the approach 2: in this case, the blind detection set size is only one (basically no blind detection at the receiver). The transmitter slowly change the MCS when certain events occurs (e.g., only when the UE’s geometry is largely changed or the codec’s rate is changed) otherwise the transmitter will keep the MCS unchanged. Whenever MCS changes, the transmitter needs to notify the UE about the change via the RRC signaling. 
4) During a transient period, for example, from talk-spurt to silence, the payload size may be suddenly changed as well (e.g., quickly from full-rate to half-rate then to 1/8 rate then to 0; see Figure 4). In this case, the MCS may not be changed but the needed resource may be reduced. The resource may be wasted in this case especially in the uplink during this short transient period. However, we think the not used resource block can be used to deliver other data. 

a. On the downlink, it is obvious that the ENB can use the not-used RBs to schedule other user’s data;

b. On the uplink, the resource may not be released immediately, so other user cannot use the not-used resource during this transient period. However, the same user can use the resource to deliver other application data such as email, HTTP request, etc. 
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Figure 4. Uplink transient period resource re-use.
Conclusion 

We propose the implicit slow adaptive MCS with blind detection for the VoIP as in proposal 1 and explicit slow re-configuration of various blind decoding set based on joint RRC/MAC signalling as in proposal 2 and 3. We would like RAN2 to discuss the proposals and decide the way-forward. 

For the transient period, on the uplink, we suggest that other data from the same user use the semi-allocated resource when it is not fully used. 
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ENB detects the inactivity; the Uplink resource is released.  












_1258441781.doc


Signaling from the transmitter to the receiver







Trigger: Geometry changed.







Blind decoding set change from 1 to 5



START time of the new blind decoding set 5.



New Resource information (optional)



…..











Signaling from the transmitter to the receiver







Trigger: geometry changed.



Blind decoding set changes from 5 to 2



START time of the new blind decoding set 2.



New Resource information (optional)



…..












_1255349451.doc


MCS Index N







MCS Index N-1







MCS Index N-1







The possible MCS for the current transmission is N+1, N, N-1 given the prior transmission uses MCS N. Assume the maximum step size is 1. 












